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FOREWORD 

This report contains the tabulated data for CR-7'2741 (PWA FR-3840) titled 

"Single Stage Experimental Evaluation of Compressor Blading With Slots and 

Vortex Generators, Part I11 - Data and Performance For  Stage 4." The test  

equipment, tes t  procedures, calculation methods, and tes t  resul ts  a r e  discussed 

in CR-72741. The data tabulations presented herein a r e  itemized in the Table of 

Contents. 
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DE FINITION O F  SY MISOLS 
AND P E R F O R m N C E  TrARUBLES 

Flowpath annular area, Et2 

Inlet relative stagnation velocity of sound, ft/sec 

Chord length, in. 

Static pressure coefficient 

Diameter 

Diffusion factor 

Incidence angle, deg (based on equivalent circular a r c  
mean1 ine) 

Absolute Mach No. 

Rotor speed, rpm 

Minimum blade passage gap, in. 

Critical blade passage gap, in. 

Total pressure, psia 

Static pressure, psia 

Blade maximum thickness , in. 

Total temperature, OR 

Static temperature, OR 

Rotor speed, ft/sec 

Velocity, ft/sec 

Actual flowrate, lbm/sec 

Air angle, deg from axial direction 

Ratio of specific heats 

Blade-chord angle, deg from axial direction 

Ratio of total pressure to NASA standard sea level 
pressure of 14.694 psia 

Deviation angle, deg 

Adiabatic efficiency 

Ratio of total temperature to NASA standard sea level 
temperature of 518,7" R 

Blade metal angle, deg from axial direction (based on 
equivalent circular arc  meanline) 

Density, lbf sec2/Et4 

Solidity, C/S 

Blade camber angle, K l  - K2, deg 



- 
w Loss coefficient 

e o s f l / 2 ~  Loss parameter 

Subscripts : 

Compressor inlet (bellmouth) 

Rotor inlet 

Rotor exit 

Stator exit 

Stator exit (1.0 chord length downstream from 
Station 2A) 

Force 

Isentropic condition 

Local 

Mean or  mass 

Leading edge 

Trailing edge 

Static condition 

Axial component 

Tangential component 

Superscripts: 

I Related to rotor blade 

- Mass average value 



DEFINITION OF OVERALL PERFORMANCE VARIABLES 

Pressure Ratio: 

- 
P2 

Rotor: - 

Corrected Flow 

w F /  a 

Corrected Specific Flow: 

Equivalent Rotor Speed: 

N / f l  

Adiabatic Efficiency: 

Y -  1 Y -  1 2/o)r - 1 (F2A/%) 7 - 1 
Rotor: Stage : 

F2A/518. 7 - 1 FZA/518. 7 - 1 

Polytropic Efficiency: 

Y - 1  7 - 1  
ln ( ~ ~ 4 )  7 ln ( P ~ ~ / P ~ )  

Rotor: rl = 
P ln(T2/518.7) 

Stator: 7j = 
P 

Stall Margin: 

stall  design 



DEFINITION O F  BLADE ELEMENT PERFORMANCE VARIABLES 

h.c idence Angle : 

Rotor: i = fly1 - K l e  
m 

Stator: i - - 
m - 0 2  ' ~ e  

Diffusion Factor: 

- d  V 
Rotor: D = 1 - - + d2Ve2 1 e l  

v1 
(dl + d2) vr1 0 

v 2 ~  + Stator: D = 1  -- d2V0 2 - d 2 ~ V ~  2A 

Deviation Angle: 
0 I 0 

Rotor: 6 = P 2 - Kte  2A te 
Stator: 6 = fl - 

Loss Coefficient: 

-7 I 

- I '2id - '2 
Rotor: o = , 

where: 

Pf is found from p/P' = [ I  + 7 y - 1 M ' 2 1  y - l  

and M' is calculated using trigonometric functions and the measurements of U, 

0 ,  P, and p. 

- 
P - PZA 

Stator: G = 
1 

P2, - P2 



where : 

Pzl  
= the wake rake freestream total pressure 

Stator Static Pressure Coefficient: 



TABULATED OVERALL PER FORRilANGE AND BLEED FLOW DATA 

'rise overall performance, rotor performanee, and Use rotor and stator 

bleed flowrates a r e  presented in tables A-1 through A-4 for the following con- 

figurations : 

1. Unslotted rotor 4 - unslotted stator 4 

2. Slotted rotor 4 - slotted stator 4 

3, Slottecl rotor 4 - slotted stator 4 with vortex generators ahead of 

the rotor 

4. Unslotted rotor 4 - slotted stator 4 with vortex generators ahead 

of the rotor and between the rotor and stator. 

Table A-5 presents the rotor and stage design speed surge margins at  incipient 

stall relative to the design point. 



Table A-1. Overall Performance, Unslotted Rotor 4 - Unslotted Stator 4 
- - 

Corrected Rotor Tip Stator Hub and Tip P2/Po Rotor 
. Weight Flow Bleed Flow Bleed Flow "ad 

!b/see lb/sec % lb/sec 
"P 

% 

50% Design Equivalent Rotor Speed 

70% Design Equivalent Rotor Speed 

90% Design Equivalent Rotor Speed 

"Determined from transient stall data. 

Stage 
"ad I? 



Table A-1. Overall Performance, Unslotted Rotor 4 - Unslotted Stator 4 (Continued) 

Corrected Rotor Tip Stator Hub and Tip p2/" Rotor 
Weight f low Bleed Flow Bleed Flow 

lb/sec Ib/sec % lb/sec 
77, 

% 

100% Design Equivalent Rotor Speed 

110% Design Equivalent Rotor Speed 

Stage 
'lad q~ 

*Determined from transient stall data, 



Table A-2. Overall Performance, Slotted Rotor 4 - Slotted Stator 4 
rP 

Corrected Rotor Tip 
Weight Flow Bleed Flow 

Ib/see Zb/sec % 

- - 
Stator Hub and Tip P2/,Po Rotor 

Bleed How 'ad 
lb/sec 

'P 
% 

70% Design Equivalent Rotor Speed 

"Determind Prom transient stall data. 
**Bleed valve closed. 

100% Design Equivalent Rotor Speed 

Stage 
"ad q~ 



Table A-3. Overall Performance, Slotted Rotor 4 - Slotted Stator 4 With Vortex Generators Ahead of the Rotor 

Corrected Rotor Tip Stator Hub and Tip P2/Po Rotor 
Weight Flaw Bleed Flow Bleed Flow "ld V~ 

lb/sec Zb/sec % lb/sec % 

70% Design Equivalent Rotor Speed 

100% Design Equivalent Rotor Speed 

'2~"o 'lad Stage 
'1, 

*Determined from transient stall  data. 
**Bleed valve closed. 



Table A-4. Overall Performance, Unsolotted Rotor 4 - Slotted Stator With Vortex 
Generators Ahead of the Rotor and Between the Rotor and Stator 

Corrected Rotor Stator Hub and Tip P2/Po Rotor 
Weight F b w  Bleed Flow Bleed Flow 

lb/sec lb/see % lb/sec % "ad qp 

70% Design Equivalent Rotor Speed 

"Determined from transient stall data. 
**Bleed valve closed. 

100% Design Equivalent Rotor Speed 

Stage 
"ad ?P 



Table A-5. Percent Stall Margin 

Configuration 

Unslotted Rotor 4 - Unslotted Stator 4 

Slotted Rotor 4 - Slotted Stator 4 

Slotted Rotor 4 - Slotted Stator 4 
with Vortex Generators Ahead of the Rotor 

Unslotted Rotor 4 - Slotted Stator 4 with Vortex 
Generators Ahead of the Rotor and Between the 
Rotor and Stator 

Rotor Stage 

11.5 8.5 

19.7 17.4 

20.6 20.0 

Note: Al l  values based on incipient stall points determined from the transient data. 



TABTJLATED B%.JAf)E ELEMENT PERFORIVVhNCE 

Tables B-1 through 33-4 present the blade element data for the lollowing 

configurations : 

1. Unslotted rotor 4 - unslotted stator 4 

2. Slotted rotor 4 - slotted stator 4 

3. Slotted rotor 4 - slotted stator 4 with vortex generators ahead 

of the rotor 

4. Unslotted rotor 4 - slotted stator 4 with vortex generators ahead 

of the rotor and between the rotor and stator. 

The compressor inlet data a r e  shown for  instrumentation stations 0 and 1 in 

the f irst  section of each data sheet. 



NOMENCLATURE USED FOR BLADE E L E M E N T  DATA TABU1,ATTON 

Exit Percent Span from Tip 

Exit Diameter 

Absolute Flow Angle 

Relative Flow Angle 

Absolute Velocity 

Axial Velocity 

Absolute Tangential Velocity 

Relative Velocity 

Relative Tangential Velocity 

Rotor Speed 

Absolute Mach No. 

Relative Mach No. 

Relative Turning Angle 

Loss Coefficient 

Loss Parameter 

Diffusion Factor 

Polytropic Efficiency 

Adiabatic Efficiency 

Incidence 

Deviation 

Total Pressure 

Total Temperature 

PCT SPAN 

DIA 

BETA 

BETA (PR) 

v 
VZ 

V - THETA 

v (PR) 

V - THETA PR 

U 

M 

M (PR) 

TURN (PR) 

UUBAR 

LOSS PARA 

DFAC 

E FFP 

E F F  

INCID 

DEVM 

P 

T 

Note: Where applicable the appropriate instrumentation station is noted, 



Table B-1, Blade Ekemeant Performance, Unslotted 
Rotor 4, Unslotted Stator 4 

ROTOR SPQID CORRECYEO JRE U?60 =k,O4I6 

INLET 
PC1 SPAN 
OIA 

SIP1 ION 0 BETA 0 
STATION 1 BETA 1 

v 0 
v 1 
VL 0 
VZ 1 
V- THETA 0 
V-THETA 1 
H 0 
H 1 
TURN 
UU8AH 
OFAC 
EFFP 
l N C l 0  
DE vn 
P 0 
P 1 
T O  
T 1 

91.17 
33.590 

C. 000 
0.000 

268.70 
303.65 
268.70 
303.65 

0.00 
0.00 

0.2421 
0.2 740 

0.0 
0.0 
-0.130 
1.0000 
0.0001 
-0. GOO 
14.694 
14.694 

518.700 
518.700 

3.34 PCP SPAN 
40.950 DIA 

0.000 BETA 0 
0.000 BETA 1 

268.70 V 0 
285.55 V 1 

V-THETA 0 
V-THETA 1 
n 0 
n i 
TURN 
UUBAR 
DFAC 
EFFP 
I K I D  
DEW 

P 0 
P 1 
T O  
T I 

R,.1 J.< 4 PC1 SPA& 
0 l A  

S i A l l O h  1 BETA I 
STATItiV 2 BETA 2 

aETAtPI;] 1 
8ETAlPkl  2 
V i 
V 2 
vz 1 
vz 2 
V-THETA 1 
V-THETA 2 
VIP*) 1 
VIP&1 2 
VTHkrA PK1 
VTHETA PRZ 
U 1 
U 2 
H 1 
M 2 
YIP&)  I 
YlP.0  2 
TURN(PR1 
UU6AR 
LOSS PARA 
OFAC 
EFFP 
EFF 
I N i l O  
UEVH 
P 1 
P 2 
T 1 
T 2 

YO. 00 
53.617 

C. 00C 
3 5.890 
45.591 
11.651 
303.65 
411.85 
303.65 
333.65 

0.00 
241.44 

433.9 
340.7 

-313.0 
-60.8 

:09.98 
310.23 
0.2740 
0.3697 
0.3910 
0.3058 
33.941 
0.1145 
0.0447 
J.4360 
0.9062 
J. 9073 

-10.629 
15.151 
14.694 
15.785 

51 8.7UU 
332.520 

10.01 
39.752 

0. COO 
30.680 
52.395 
32.834 
287.95 
344.59 
287.88 
296.19 

0.00 
175.72 

471.8 
352.7 

-373.8 
-191.1 
373.75 
366.85 
0.2597 
0.3086 
0.4255 
0.3159 
19.574 
0.1942 
0.0768 
0.4262 
0.7303 
0.7284 

-19.502 
13.764 
14.694 
15.426 

518.700 
528.660 

PC1 SPAN 
DIA 
BETA 1 
BETA 2 
BETA1PRJ I 
BETAtPRI 2 
v 1 
v 2 
vz 1 
vz 2 
V-THETA 1 
V-THETA 2 
VIPRJ 1 
VIPR) 2 
VTHETA PR1 
VTHETA PRZ 
U 1 

0.2821 11 2 
0.4271 MIPR) 1 
0.3024 M1PP.I ,2 
15.563 TURNIPR). 
0.2473 UUBAR 
0.0934 LOSS PARA 
0.4502 OFAC 
C.5704 EFFP 
0.5680 EFF 

-20.925 I I (C I0  
18.112 DEVM 
14.694 P 1 
15.269 P 2 

518.700 T 1 
528.770 T 2 1  

STdIJA 4 PCT SPAN 
01.4 

>TLTIUh 2 B t l A  i 
STAT lord i A  BETA IA 

V 2 
V 2A 
vz  2 
VZ 2A 
V-THETA 2 
V-THETA 2A 
w 2 
H LA 
TURNIPRI 
UU8AR 
LOSS PARA 
OFAC 
EFFP 
l N C I 0  
OEVCl 
p 21 
P 2A 
f 2  
T 2ll 

PCT SPAN 
0 1  A 
BETA 2 

V-THETA 2 
V-THETA 2 4  
t4 2 

n 2n 
TURNIPRI 
UUBAR 
LOSS PARA 
OFAC 
EFFP 
I K I O  
OEVR 





Table B-1, Blade Element Performanee, Unslotted 
Rotor 4, Unslotted Stator 4 (Contfrauedj 

CORREClEO WEIGHT FLOW = 61.44 PRESSURE RATIO 

91.17 
33, > 9 0  
0. OOC 
0.000 

227.84 
2>4.10 
227.84 
254.10 

C.0U 
0.00 

0.2049 
0.2288 

0.0 
0.0 
-3.115 
0.9996 
0.oco1 
-5.OCC 
14.094 
14.694 

513.700 
5 l d .  700  

S G .  OC 
33.617 

3.000 
*>.YO0 
5C.711 
15.236 
224.10 
342.43 
254.1C 

PCT SPAN 
D I A  
BETA 0 
BETA I 
v 0 
v I 
vz  0 
VZ 1 
V-THETA 0 
V-THETA 1 

VZ 1 253.62 
V-THETA U 0.OC 
V-THETA 1 C.CC 
A 0 9.204Y 
t4 1 5.22P4 

n 0 
n 1 
TURN TU*A 

UUJAR 
OFAC 
EFFP 
INClO 
OEVN 
P 0 
P I  
1 3  
T I 

Z.k1T5K 4 PCT SPAY 
c I A  

S T h l l  )Q 1 aE lA  I 
5 1 ~ T l l W L  B E T A 2  

bETA1P)O 1 
DETAIPI?)  2 
V 1 
v 2 
V L  I 

UGAR 
DFAC 
EFF P 
I N C I D  

PCT SPAN 
D I A  
BETA 1 
BETA 2 
BETAIPR) 1 
BETAIPRI 2 
v 1 
v 2 
vz  1 

v z  2 
V-THEIA 1 
V-Tht1.1 2 
VI? tO  1 
V I P < )  2 
JThtTA r'nl  
VTHtTA t ' n ~  

U 1 
u 2 
El 1 
'.I 2 
&Ill'&) I 
M1P:l) 2 
T U d ~ i I P h )  
0jJ3AX 
L11SS PAP\ 
DFAC 
t F F J  
EFF 
I N C l J  
0EVm4 
P 1 
P i 
T I 
T L 

VZ 2 
V-THETA 1 
V-THETA 2 
V I P R I  1 
V I P R I  2 
VlHETA PR1 
VTHETA PRZ 
U I 
U 2 
n I 
n 2 
R I P R I  1 
MIPR) 2 
TURNIPRI 
UUBAR 
LCSS PARA 
DFAC 
EFF P 
EFF 
I N C l D  
OEVH 

P 1 
P 2 
r 1 
1 2 1  

S l r 1 l . n  4 PCT SPA.< 
J l A  

ST611t. .4 2 € T A  ? 
STAT I!": L A  Z E T A  i A  

v 2 
V LA 
V L  2 
VZ 2A 
v - i d i r ~  2 
V-TrlETA (a 
H 2 
H LA 
TURVIPX) 
UMAK 
LGSS PAhA 
0FAC 
t F F P  
INC 11) 
OEVM 
P 21 
P 2A 
'i L 
T 2n 

PC1 SPAN 
OIA 
BETA 2 

. BETA 2A 
v 2 
V 2 A  
vz 2 
VZ 2A 
V-THETA 2 
V-THETA 2 A  
R 2 

H ZA 
TURNIPRI 
UUBAR 
LOSS PARA 
DFAC 
EFF P 
l N C l 0  
OEVH 

p 2 1  
P 2 A  
1 2  
I 2 A  



'Table B-1, Blade Element Performanee, Unslotted 
Rotor 4, Vnslotted Stator 4 (Coiltinued) 

PERCFNT E Q U I V W T  DESIGN SPEED " 49. * 8 CGARECTE0 WEIGHT FLO* a 54.72 PRESSL 

49.88 2 9 . 2 4  13.72 8.71 

JRE RATIO -1,0668 

IYL t f  
PC1 SPAN 90.9ti 
0 IA I3 .1IU 

STAT l ' l h  C BETA 0 U.u0C 
5TATIsIN 1 dETA I 0.00'2 

3.34 PC1 SPAN 
40.950 D l A  

0.000 BETA 0 
BETA I 
v 0 
v 1 
VZ 0 
VZ 1 
V-THETA 0 
V-THETA I 
n 0 
M 1 
TURN 
UUBAR 
DFAC 
t-FF P 
I N C I D  

V 0 2 0 2 . 0 ~  
V 1 225.07 
V i  0 2C2.C5 
VC I Z25.07 
V-THETA 9 0.00 
V-rHtTA I 0,OC 
I4 0 3. I d 1 6  
t4 1 2.2530 
TUilhl C. 0 
UUL3Al 6.3 
OFKC -0.117 
EFFP 1. JOdU' 
INCIO b.0061 
3EVM -3.3CG 
P 0 14.694 
P 1 14.674 

DEVM 
P 0 
P 1 
T 0 
T 1 

PCT SPAN 
D l A  
BETA 1 
BETA 2 
BETAIPRI 1 
BETA(PRJ 2 
v 1 
V 2  

T 0 5Ld.7LO 
T 1 518.7bC 

I 4 PLT SPAk 95.01 
0 LA 33.233 

STATIL:. 1 UkTA I 0.00C 
I I Z a i T A  L 52.480 

d tTA1PRl  1 > > . I 3 3  
3CTAIPAI  L 8.495 
V 1 125.67 
V 2 3 4 1 . l j 4  
VZ 1 225.67 
VL 2 2b3.07 
V-THE IA I V. UU 
V - T H L T A i  270.97 
V I P A I  i 376. 1 
VIPKJ 2 2lG. .1 

VTtlLTA P n l  -3CC.S 
VTHETOPKL -31.1 
U 1 3lj(l.93 
U 2 3d2.05 
H 1 J . ‘ O > C  
'4 L G.3052 
i4LPkI  I 3 . 3 3 ~ 3  
( [ P H I  L 2.137.r 
TURNIb'F.) 44.s~j 
U JtlAK .).Z130 
L ~ S S  P n t A   cars 
0FAC d.7;-J 
tFFP - .3*%93 
t F t  tJ .3793 
I:<C~J -3.LY7 
0EVN 10.995 
P I l'l.bY4 

2 15..>5< 
T I 512.  l r 2  
T 2 "I. 3°C 

vz  1 
vz 2 
V-THETA I 
V-THETA 2 
VIPR) 1 
VIPR) 2 
VTHETA PR1 
VTHETA PRZ 
U 1 
U 2  
n 1 
R 2 
MIPRI 1 
H I P H I  Z 
TURNIPR) 
UUBAR 
LCSS PARA 
DFAC 
EFFP 
E FF 
INCXD 
OEVM 

P 1 
P 2 

PCT SPAN STJT*,d 4 P C T  S;.'AI, 24.9t 
OlA I 3 . l l d  O I A  

BETA 2  'JtTA 2 5 2 . 4 , C  
3E lA  LA 4 . 3 1 ' ;  
b 2 341.04 
V 2A 215.5, 
VZ 2 2 6 0 .  ,?7 
VL 2A 21>.31 
V-THtTK i 27C.91 
V-THLTA 2A 1 5 - 3 2  
H Z C>.3ujZ 
n ZA C.1917 
TURN(PK) 4d.4LC 
UUt5~r:  0.1306 
L u 5 s  P A ~ A  0.0537 
OFAC v . ~ 7 c , J  
tFFP 61.6324 

V-THETA 2 
V-THETA 2A 
n 2 

UU8AR 
L C S S  PARK 
OFAC 
EFF P 
l k C I D  
o E v n  

P 2 ,  





Table B-I, Blade Ef ement Performance, Unslotted 
Rotor 4, Unslotted Stator 4 (Continued) 

)TOR SPEED - H E I G H T  FL 2 PKESSUP 

P C 1  SPMN 
O l A  

S T A T I J U  J BETA 0 

P C 1  SPAN 
D I A  
BETA 0 
BETA 1 
v 0 
v 1 
VZ 0 
VZ 1 
V-THETA 0 
V-THETA 1 
n 0 
H 1 
TURN 
UUBAR 
DFAC 
E F F P  
I N C L D  
OEVW 

P 0 
P 1 
T O  
T 1 

S I A l I 3 h  I &ETA 1 
v 0 
v I 
vz  0 
VZ I 
V-THE TA d 
V-THETA 1 
H 0 
b! 1 
TURY 
UU844H 
0FAC 
tFFP 
I N C I O  

L)EV:I 
P I) 

198.92 
175.t18 
196 .92  

0.00 
0.00 

0 .1579  
0.1788 

0.0 
0.J 
-0.131 
c.9994 
0.0LO1 
- 2 .  OOC 
14.094 
14.094 

513.  700 
518.700 

P(1T.n 4 ?CT SPAiY 
o l A  

S l % 1 1 ! \  L SETA I 
ST:111 4 i u t l A  L 

b E T A I P k 1  I 
J t T A ( P i 1  2 
v 1 
v 2 
vz 1 
v z  2 
V-THtTA I 
V - T H t I A  2 
V I P & )  1 
V I P K )  L 
VIHETA P n l  
V l H S l h  P1C2 
u I 
U 2 
H 1 
C12 
Y1P. I )  I 
t 4 I P k )  2 
T U h N l V 6 )  
UUdAR 
LOSS PAsA 
dFAC 
t F F P  
EFF 

PCT SPAN 
01 A 
BETA 1 

SC. OC 
33.517 

0. COO 
57.746 
5 7 . i b l  
15.755 
198.9L 
310.82 
lS8 .92  
165.90 

0.00 
262.84 

301.8 
112.4 

-309.4 
-40 .6  

3i39.40 
3 J9.65 
6.1788 
0.2771 
3.5305 
0.1537 
41.>Cb 
0.2539 
0.0973 
0.8160 
0.6324 
J. 8307  

1 .041  
19 .252  
14.694 
14.785 

51 3. lC0 
5 ~ 1 . 6 1 0  

B E T A I P R )  2 
v 1 
v 2 
vz 1 
v z  2 
V-THETA I 
V-THETA 2 
V I P R )  1 
V I P R )  2 
VTHETA P R 1  
VTHETA PR2 
U 1 
U 2 
n 1 
n 2 
HLPR)  1 
U I P R )  Z 
TURNIPR)  
UUtlAR 
LCSS PARA 
OFAC 
E F F P  
E F F  
I K I D  I N C  I U  3 . 3 7 4  

UEVH 14.  J 7 1  

P C 1  SPAN 
D l A  
META 2 

sr1.1 I? 9 P L l  S P Z ' I  
d I A  

S T ~ T I J A  i 3 t 1 A  L 

STAT I; \  2 A  BETA :A BETA 2 A  
, V  2 

V-THETA 2 
V-THETA Z A  
n 2 

V- r t i c ~ ~  Z A  
W 2  
n z~ 
TUI(N(Pr,) 
UJdAP 
L O S s  PARA 
OFdi 
EFFP 
lNC I 0  
u t v n  
p d l  
P 2 A  
1 2  
i L A  

UU8AR 
LOSS PARA 
OFAC 
E F F  P 
INCIO 
DEVN 

P 2 1  
P 1 A  
1 2  
r 2 A  





Table B-6, Blade Element Performance, Unslotted 
Rotor 4, UnsIotted Stator 4 (Continued) 

PERCENT EQUIVALkXT DESIGN SPEED - 7J. 3 I  EQUIV%E?lT ROTOR SPEED ' ZYb0.00 CCkHECTED W t I G H T  F L d d  = 9 1 . 6 3  PHESSURE R A T 1  I1 = I  . I 0 4 8  

I 1 ,  + S L I  ,I).\,. 

d i ~  
51 111 .u Z l l F T Z  i 
> : \ I 1  i t  2 1  d t l ' ,  2 r  

v .! 
V i A  
V f  2 
V L  2ii 
V-T i ~ 1  1 i 
V - I t i F T \  iS 
M  2 
M ?A 
TUl;Nl P t \  I 
UUJA* 
L i I S S  . ' & i t  
L l F 4 C  
t F F P  
I k i l i l  

. I t  V M  
t' 2 , 
r' zc, 
i L 
I 2a 

86 .  75 
33.960 

0.000 
0.000 

3 4 1 . 3 3  
3YY.43 
349 .30  
3 a v . 4 3  

0.00 
'I .oo 

0 .3160  
u.3532 

O.u 
C . :I 
-0.11 5  
0.9'398 
0.03,)  1  
-0.0903 
1 4 . 0 ? 4  
14 .634  

31 9.7)C 
j i a . 7 d 0  

0 3  .'J L 
3 4 .  103 

<.1:00 
J6.*170 
4J .>Y9 
I j . > d ?  
3 4 9 . 4 3  
533.*> 
33,1.+3 
4 2 0 .  15 

3 . J 0  
32J.ir7 

j 3 6 . 5  
2'15.1 

- . t 3 i . O  

- 1 l ' i . i  
439 .01  
439 .12  
0 .3232  
0.*719 
0 . 5  $ 1 3  
0 .3909  
32 .41  1  
b . l l j37  
O.tJ391 
b.+.,l,5 
3 .  J5'Jb 
C . d l 3 2  
-7. JH1 
1>.7dY 
14.114 
l o .  i 4 5  

> I  3 .  lli 
>+Z.210 

49.G8 
37.053 

3.u:jo 
U.03J 

339.3g 
5 ~ 5 . 2 J  
34'9.30 
3dS.CL 

3 .3U 
0.30 

,J . f lO" 
3.34'33 

0 .3  
0  . I .  
- 3 u.113 
v .933'i 

. J00  1  
-6.qdU 
14 .594  
14.644 

> 1 a . 7 0 L  
51Y.7JJ  

57.01 
32.014 

U.uJ0 
33.  13.) 
Z i . l b 5  
25.LL7 
3d5.2.i 
~ J ~ . I L  
3 . 3 5 . 2 1  
4 2 1  .od 

>J.JU 
21 , .2 I  

t 1 4 . 3  
405.3 

- 4 7 1 . 5  
-190 .0  
473 .22  
471.79 
0 .  3 $ , 3 3  
3 . 4 2 1 1  
L1.,510 
J .4176  
2 3 . Y 5 5  
L .d 154  
1) . 3 2 9 0  
cl.43,+7 
2 .9179  
J . 3 l Z 3  

-1J .129  
8.4J .3  

14.794 
l a ,  l t . 5  

7 1 , ~ . 7 > d  
> 3 j . 1 0 2  

PCT SPAN 
om 
BETA 0 
t3ETA 1  

V L  I  
V-THETA 0  
V-THETA 1 
n 0  
n 1  
TURN 
UU8AR 
DFAC 
E F F  P 
I N C I D  
DEVM 

P 0  
P I 
T 0  
T 1  

P C 1  SPAN 
O l A  
BETA 1  
B E T A  2 
d E T A l P R I  I 
B E T A I P R I  2 
v 1  
v 2 

V-THETA 1  
V-THETA 2 
V l P R l  1 
V f P R i  2 
VTHETA P R I  
VTHETA PR2 
U 1  
U 2 
n I  
n 2 
N f P R I  I 
H f P H )  2 
T U R N I P R I  
UUbAR 
LCSS PARA 
DFAC 
E F F  P 
EFF 
1 K I D  

P C 1  SPAN 
0 1 4  
a E T a  2 
3 E T A  2 A  
V 2 
V 2A 
V Z  2  
VZ L A  
V- rHETA 2 
V-THETA 2 A  
n 2 

n z n  
T U & N l P R I  
UUd AU 
L C S S  PARA 
UFAC 
t f F P  
iNCl0 
O E Y M  

P i ,  
F z n  
1 2  
? i h  



Table 33-1, Blade Element Performance: TJnslotted 
Rotor 4, Unslotted Staator 4 (Contiwed) 

PETCENT EQUI"AIWT DESIGN SPEED 7 EQUIV&ILENT ROTOR SPEH) * CORRECTED LiRE RATIO 

PC1 SPA:* 
OlA 

S T 1 l l ' j r u O  BETA 0 

Y0.YC 
33.110 
C. J C C  
0. JliO 

311.62 
3'17.61 
311.68 
?47.01 

G. LJC 
0. OL 

L.2814 
0.3139 

U. 0 
G.0 
- < . I 1 3  
3.9YYd 

PCT SPAN 
D l  A 
BETA 0 
BETA 1 
v 0 

S l 4 T l a h  I dElA 1 
v 0 
v 1 
VL 3 
v z  1 
V- THE 1 A ; 
V-THETA I 
14 0 * I 
TURN 
UU8Ali 
3 F A C  
tFFP 
llvC I il 
3 L  VH 
P 0 
P 1 
T 9 
T 1 

v.? 1 
V-THETA 0 
V-THETA 1 
H 0 
n 1 
rURN 
UUBAR 
OFAC 
EFFP 
I N C I O  
OEVH 

P 0 
P 1 
T 0 
T 1 

ni.T,xn 4 PLT SPA4 
O l A  

5 I k l  l ,Jk  1 uf [ A  I 
S T ~ T I ~ I ~  ; i t T n  ; 

I E T A l F r ~ l  I 

PC1 SPAN 
D I A  
BETA 1 
BETA 2 
BETA(PR) 1 
BETAIPR) 2 
v 1 
v 2 

327.04 
311.93 

0.00 
298.81 

620.2 
380.5 

-526.9 
-217.6 
526.92 
516.43 
0.2955 
0.3836 
0.5603 
0.3378 
23.291 
0.1953 
0.0762 
3.6132 
0.7972 
0.7934 

-15.677 
10.231 
14.694 
l o .  74 1 

519.700 
543.590 

V-THETA 1 
V-THETA 2 
V IPRI  1 
V(PR1 2 
VTHETA PR1 
VTHETA PR2 
u 1 
U 2 
R 1 
n 2 
R IPRI  1 
n t p a )  2 
TURNIPW) 
UUMAR 
LOSS PARA 
OFAC 
EFF P 
EFF 
INCIO 

4.76 PCT SPAN 
39.650 OIA 
43.170 BETA 2 

9.230 BETA 2 A  
452.13 V 2 
359.d3 V 2A 
311.93 VZ 2 
345.17 VZ 2A 
29d.81 V-THETA 2 

57.72 V-THET62A 
0.3836 M 2 
O.3IRO H 2A 

I U R h I P d l  
UUL(l\r( 
L U S b  +'A,<* 
0FAL 
E FFP 
I:iCI(. 
OEVtl 
P 2 ,  
P 2A 
I 2  
r in 

- -. . 
0.4292 0.4444 OFAC 
0.5103 0.4176 EFFP 

-12.762 -12.052 I K I D  
23. 7 2 0  L 5 . L R t I  OEVH 
16,793 16.740 P 2 ,  
1 b . 5 2 5  16,425 P 2A 

541,.340 5 ~ 3 . 5 4 0  T 2 
5 4 3 , 3 4 6  i + f . 5 9 0  T 2 k  



'Sable B-1, Blacle Element Performance, Unslotted 
Rotor 4, Unsbotted Stator 4 (Continued) 

'5ICFSIT EQU1VAL;HT DESIGN S P m  " o r .  J S  E Q I J ~ V , ~ L , ~ T  ROMR SPP;D B 

I N L  E I  
PC I 8l'A.u Sb.9L 91.17 8b.75 
0 1 A  53.11C 33 .590  33.960 

S T A l l ' l t ~  i R t T A  L b.00L 0.00C 0.000 
S l a T l t J h l  1 6 t T A  I J.u00 G.OOO C.OOO 

V 0 Z5'3.9S 289.99 289.99 
V i 317.12 317.25 318.24 
VL 0 239.95 2Y9.99 269.99 
vc 1 31 7 . 6 5  $17.25 31Y.24 
V - 1 d L l A  .i U.CC i i .00 0.00 
V - T H E I A  1 U.0C J. OL 3.00 
..I G 3.2619 0.2615 0.2615 
CL 1 J.2669 0.ZYD5 0.2674 
Tbh? 2. L. O.h t> • 3 
UULA- 3.3 J. 0 0.81 
L l t A L  - 6 2  -0.694 -C.u97 
kFkP 1.0UCO 1.JJO0 0.9996 
I h i  l J C.OCG1 5."531 0.5001 
a)t VH - 6 .  -0.030 -3.000 
P O 1 + . b ~ 4  14.b34 14.b94 
P I 4 9 4  14.69s 14.634 

LUS5 t 'Ar .A  
DFAC 
E F F P  
l N C  I L  
JE V'l 

P L t  
P LA 
1 2  
I L A  

~ k 1 K h E C l t O  W E I G h T  FLdW = 17.24 PKESSUKE R B I 1 0  = 

10.01 
39. 752 

0.000 
44.620 
59.821 
33.197 
302.41 
437.02 
302.34 
310.94 

0.00 
306.84 

601.5 
371.6 

-51S.9 
-203.4 
519.89 
510.29 
0.2729 
0.3877 
0.5427 
0.3L48 
20.038 
0.1 328 
0.0523 
0.6199 
0. b559  
0.3529 

-12.076 
14.127 
14. 674 
17. L L L  

5Ld.700 
544. t!LL 

PCT SPAN 
3 1 A  
BETA 0 
8 E T A  I 
v 0  
v 1 
VZ 0 
VZ 1 
V-THETA 0 
V-THETA 1 
M 0 
n 1 
TURN 
UUBAR 
OFAC 
E F F  P 
I NCI D 
D E V H  

P 0 
P 1 
T 0 
T 1 

PCT SPAN 
D I  A 
BETA 1 
BETA 2 
B E T A I P R I  I 
B E T A I P R )  2 
v 1 
v 2 
vz I 
V L  2 
V-THETA 1 
V-THETA 2 
V I P R I  I 
V I P R I  2 
VTHETA P R I  
VTHETA P R 2  
U 1 
U 2 
M 1 
M 2 
H ( P R 1  1 
H ( P R 1  TURNIPR)  2 

ULt8AR 
L O S S  PARA 
OFAC 
EFF P 
E F F  
I N C I D  
OEVM 

P 1 
P 2 
T 1 
T 2 1  

PCT SPAN 
D I A  
BETA 2 
B E T A  2 A  
v 2 
V 2 A  
V L  2 
V L  2 A  
V-THETA 2 
V-THETA 2 A  
n 2 

n 2 A  
T U R N I P R I  
UUB&R 
LCSS PARA 
UFAC 
E F t  P 
1M;IO 
OEVM 

P 2 1  
P 2 A  





Table Be-1, Black Element Performance, Unslotted 
Rotor 4, Unslotted Stator 4: (Continued) 

PERCWT EQUIVALENT DESION SPEm " 70. .4 6 WUIVALKNT RO'IUR SPEFS - CbHl?ECTEO WEIGHT FLOW = 68.25 PKFSSUh 

I Y L t T  
P C I  SPAN 
IJ IA 

STAT1t.h 4: bETA 2 
S T A T I J f r  1 d t T A  I 

v 0 
v 1 
VL 0 
VL I 
V-TdtTA u 

V-TntTA I 
1( 3 
PL 1 
TUKY 
UUdAR 
UFAC 
EFFY 
INC l o  

I J t V 1  
P 0 
P I 
1 2  
T I 

P C 1  SPAN 
O I A  
BETA 0 
BETA 1 
v 0 
v 1 
VZ 0 
V L  1 
V-THETA 0 
V-THETA 1 
H 0 
H 1 
TURN 
UU8AH 
DFAC 
EFFP 
I N C l D  
OEVH 

P 0 
P 1 
T 0 
T 1 

PCT SPAN 
D I A  
BETA 1 
BETA 2 
B E T A I P R J  1 
B E T A I P R J  2 
v 1 
v 2 
vz  1 
VL 2 
V-THETA 1 
V-THETA 2 
V I P K J  1 
V I P R J  2 
VTHETA PR1 
VTHhTA P U  
u 1 
U 2 
H 1 
H 2 
MlPRJ 1 
N I P R )  2 
T U R N l P R l  
UUBAR 
LCSS PARA 

311.780 
0 .000 
0. COO 

294.33 
2t11.13 
254.33 
231.09 

G.00 
0 .00 

5 . 2 2 7 0  
0.2534 

0.0 

K ~ , l c '  . 4 P C 1  S t ' j '  

l l  l a  
l ' i l  1 "ETA I 
r r  $ E T A  2 

~ v r T A l ~ ' ~ \ l  1 
d F T & l Z \ I  2 
v 1 
v C 
1/L 1 
VL 2 
V-THtTL 1 
4 - 7 h t l A  1 
V I P : < )  I 
V I P I O  L 

V l t i ~ l A  t' 1 
V i H t T *  r ' -  2 
u I 
U 2 
,a 1 
i l  2 
~ z l P k )  1 
*.llP".) 2 
Tulr:*lYr.l 
UJJAH 
LUSS PAL,  : 
JI- I C  
r F k P  
L i t  

1bIC 1 0  
JEVY 
? I 
t' 2 
T 1 
T 2 

3 2 4 . 1 9  
589.7 
323.d 

-523.4  
-1~9.6 
513.43 
513.76 
0 . 2 4 4 8  
O.3b93 
0 . 3 3 1 4  
0.2 J o b  
2 6 . 7 3 ~  
O . l d b 9  
0 . 0 7 2 1  
5.7C73 
C.J37Y 
' I .  3,*4 
- 9 . 3 1 8  
1 6 . 7 6 3  
14.b94 
1 7 . 0 4 7  

5 1 0 . 7 0 0  
5 4 5 . 6 5 0  

OFAC 
EFFP 
EFF 
I k C l D  
OEVH 

P 1 
P 2 
T L 
7 2 1  

PCT SPAN 
O I A  
BETA 2 
b t T A  2 A  
v 2 
V 2 A  
VL 2 
V Z  2 A  
V-THETA 2 
V-IHETA 2 4  
N 2 

M 2 4  
TURNIPRI  
UUi3AR 
LCSS PARA 
OFAC 
EFF P 
I N C I D  
0 t  V M  

p 2 1  
P z n  
r z  
T 2 A  



Table B -1, Blade V1:Zsrnend Performance, l Jrislotkecix 
- 
~3otar 4 ,  Unslotted Stator 4 (Gon"r,irrt~ed) 

'OR s m  - 
1,ULtT 

P C T  Sr'AN 
D l A  

5 T A l l U N  J b t T A  0 
S l A T l U \  1 8ETA 1 

v 0 
v 1 
VZ u 
V Z  1 
V - T H t  TA <I 
V - T t i t T A  1 
N O  
H 1 
TUAY 
U U j A h  
0FAC 
tFFP 
I k C I O  
D t V B  
P 0 
? I 
T 0 
T 1 

PCT SPAN 
D 1 A  
BETA 0 
BETA 1 
V 0 
v 1 
v z  0 
VZ 1 
V-THETA 0 
V-THETA 1 
n 0 
n I 
TURN 
UUBAR 
DFAC 
E F F P  

*' .T.Jn 4 PCT 5t 'A.d  
a [A 

11'1  1111 1 ,ETA I 
I 2 J t l A  2 

d t T A ( ? , i )  I 
u E T A ( P V J  2 

P C 1  SPAN 
D I A  
BETA 1 
8 E T A  2 
8 E T A I P R I  1 

v 2 
V L  1 
vz  2 
V-THETA 1 
V-THETA 2 
V I P R )  1 
V l P R t  2 
VTHETA P R I  
VTHETA PR2 
U 1 

R 2 
H ( P R I  1 
R I P R )  2 
r U A N l P R 1  
UUBAR 

fA(Pl\J I 
Y ( P . 0  I 
TLRN( ,'K 
U U d l l <  
LOSS ? A h 1  LCSS PARA 

OFAC 
EFF P 
E FF 
I N C I D  

P C 1  SPAN 
D I A  
BETA 2 

VZ 2A 
V - I H k T A  2 
V-THET4 LA 
N 2 
N rn 
TUHY (PA I 
U U d 4 X  
LOSS PA<% 

V-THETA 2 
V-THETA 2 A  
n 2 

UUdAU 
LOSS PARA 

OFAC 
t FF? 

OFAC 
E F F P  
I N C l D  



Table B-1, Blade Element Perlormanee, Unslotted 
Rotor 4, Unslotted Stator "Continued) 

PE3CMT WUIVAJENT DESIGN SPEED ' 2.1. L L  WI ?OR SPEED - WEIGHT FI - O h  = 111.12 PKESSI  JKE R A T I O  =1.1485 

I N L  El 
P L T  SPAN 
O I A  

S T A T 1  Its 0 B t T A  2 
I S T A T I J Y  1  META I 

v C 
v 1  
v z  0 
V L  1 
V - T H t T 4  I 
V-Tr t tTA 1 
H 0 
M 1 
TURN 
UUL(P.1 
OFAC 
t F F ?  
I l v C l U  
L)L VM 
P 0 
2 1 
T u 
T I 

P C 1  SPAN 
D l  A 
BETA 0 
BETA I 
v 0 
v 1 
vz 0 
v z  1 
V-THETA 0 
V-THETA I 
n 0 
n I 
TURN 
UUBAR 
DFAC 
E F F P  
I N C l D  
D t V M  

P 0 
P 1 
T 0 

HUT 'K 4 P C T  \PAX 
I1 1A 

S T , i T l ~ l ~ u  1 ?,ETA I 
S T 4 1  1.1. i  2 u t T A  2 

D E T A ( V A 1  1 

PCT SPAN 
D I  A 
BETA I 
BETA 2 
B E T A f P R I  1 
B E T A I P R I  2 
v 1 
v 2 
v.? 1  
v z  2 
V-THETA 1 
V-THETA 2 
V I P R I  1  
V I P R I  2 
V I H E T A  P R I  
VTHETA PR2 
U 1 
U 2 
n 1 
H 2 
H I P R I  1  
H I P A 1  2 
TL lRNIPRI  
UUBAR 0 U d  A, J . i d d l  

L C S S  PA,<\ , I . 1 l 8 . , 7  
Ut AC 0.  2 d 9 l  
t F F ?  x . 7 4 3 2  
Et-6 2. 7365 
I Y C I I J  - d . o 3 5  
i)t\l4 Ll.luU 

LOSS PARA 
OFAC 
E F F P  
t F F  
l N C l D  

S~AT. , ! \  4 r'L I ,?A 
U1A 

STAT I l l $  L n t r i  ? 
S T r l l , &  2 A  n E t ?  2A 

v 2 
v 2 A  
V L  2 
VZ i A  
V-THE TA L 

V - T H c l B  i A  
H i 
M 2A 
TU<NlPK I 
UUBAll  
LOSS P A \ 4  
OFAC 
t F F P  
I I I C i O  

P C 1  SPAN 
0 1  A 
&ETA 2 
d E T A  Z A  
v 2 
V 2 A  
VZ 2 
VL 2 A  
V-THETA 2 
V-THETA 2 A  
H 2 

M 2 A  
T U R N I P K I  
UUBAR 
LOSS PARA 
OFAC 
E F F P  
I N C I O  
O t V H  

p 2 1  
P Z A  
T 2  
T i &  





Table B-1, Blade Elenlent Performance, Unslotted 
Rotor 4, Unslotted Stator 4 (Continued) 

PERCENT EQUIVALENT DESION SPEED " 

i N L t T  
PCT SPAN 
0 I A  

S T 1 T I ) V  0 &ETA 0 
S T A r I t I X  1 8ETA 1 

IJ 0 
J 1 
VL 0 
VZ I 
V-THk Tlr C 
V-THETA 1 
M 0 

LCRHtCTEO WEIGHT FLOd = 101.39 PRESSURE R A T I O  

8.71 
40.500 

C. COO 
0.000 

PCT SPAN 
O I A  
BETA 0 
BETA 1 
v 0 
v 1 
vz  0 
v z  I 
V-THETA 0 
V-THETA 1 
n 0 
n 1 
TURN 
UUBAR 
OFAC 
E F F P  

OF AC -i. 1 2 1  
EFFP 1 . U 0 0 1  

I N C I D  
OEVH 

P 0 
P I 
T 0 
T 1 

P C 1  SPAN 
D I A  
BETA 1 
BETA 2 
B E T A I P R I  1 
B E T A I P R I  2 
v 1 
v 2 
v z  1 
vz  2 
V-THETA 1 
V-THETA 2 
V I P R I  1 
V I P R I  2 
VTHETA P R l  

V i  2 
V - T H t  T A  1 
V-THE TA L 

VTHETA PRZ 
U I 
U L 
n 1 
n 2 
H I P R I  1 
H I P R I  2 
T U R N I P R I  
UU8AR 
LOSS PARA 
OFAC 
EFF P 
EFF 
l N C l 0  

c F F P  
E F F  

i;. 8 ~ 5 0  
a.  79'93 

PCT SPAN 
O i A  
8 t T A  2 

> T A T  4.: 4 P L I  bPA&x 
dlA 

I JETA i 
S T  \T113' i A  u t T A  2~ 

v 2 
V LA 
v z  2 
V L  2A 
V- 1 H t  TA i 
V-THE74 2 6  

I4 2 
H 2A 
TURN6 PK I 
UUbAR 
LOSS P A U A  
W A C  
CFFP 
l N C l O  
UEVM 

v z  2 
v z  2 A  
V-fHETA 2 
V-THETA 2 1  
n z 

ti 2A 
TUHNIPRI  
UUBAR 
LOSS PARA 
UkAC 
EFFP 
i K l 0  
UEVW 

p 2 1  
P 2 b  
T 2 
1 zn  



Table B-1, Blade Element Performance, Uanslotted 
Rotor- 4, UnsZotted Stator 4 (Continued) 

P S C ~ T  EQUIVALENT DESIGN SPEED " 8 WEIGHT F1 JRE RATIO 

lhiL E T  
PC I SPAd 
OIA 

5 1 6 1 1  lh i 6ETA u 
I .  1 &ETA 1 

V 0 
v I 
vz 0 
V2 I 
V-THt TA C 
V-THtTA I 
n 0 
H 1 
TUkh 
UUBAK 
OFAC 
EFFP 
INC lO 
CEVM 
P 0 
P I 
T 0 
T 1 

91.17 
33.590 

0. o c o  
0.000 

367.14 
400.86 
367.14 
40G.86 

0.00 
C. GO 

0.3325 
3.3638 

(r. 0 
0.0 
-0.092 
0.9999 
0.0001 
-0.050 
14.094 
14.094 

51d.700 
5 1  8.700 

PC1 SPAN 
0 1  A 
BETA 0 
bETA 1 
V 0 
v 1 
vz 0 
vz  1 
V-THETA 0 
V-THETA I 
n o 
n 1 
TURN 
UUBAR 
OFAC 
EFFP 

n l , T ~ i  < PC1  SPAY 
01A 

S I - T I  I -  1 JETA 1 
S T A T I ' l v  2 d t T A  i 

aETAl, '&) 1 
dETA(?&I  2 
v I 
v 2 
VZ I 
VL 2 
V-T.itT\ 1 
V-THE l h  L 
V t P l l l  I 
V I P d )  L 
VIdElL. ? = I  
VTHkTA ? ,2 
U i 
U 2 
H 1 
A 2 
.YIP.() 1 
k l P k l  2 
TUHYIPKI 
UUbAH 
LJSS PAnA 
UFAC 

96. OC 
33.017 

0. OOC 
53. 700 
54.162 
15.759 
4 t3 .86  
970.9c 
4 1 0 . b ~  
337.90 

0 . 0 ~  
460.11 

684.7 
351.2 

-555.0 
-55.4 

555.04 
255.48 
0.3038 
C).5035 
0.0213 
0.3110 
38.403 
3.2753 
0.1 J55  
J. 7 5 4 6  
0.827d 
3.6220 
-2.058 
19.259 
14.094 
14.133 

5 ld .700  
557.9oC 

PCT SPAN 
OIA 
BETA 1 
BETA 2 
8E IA4PRl  1 
BETAtPR) 2 
v I 
v 2 
vz  1 
v.? 2 
V-THETA 1 
V-THETA 2 
VIPR) 1 
VIPR) 2 
VTHETA PR1 
VTHETA PRZ 
U I 
U 2 
M 1 
M 2 
R IPRI  1 
H I P R I  2 
TURNIPRI 
UUBAR 
LGSS PARA 
OF AC 
EFF P 
EFF 
I N C I D  
OEVM 

P I 
P 2 
r 1 
r 2 1  

5 1 4 PCT SVrh, 
U l A  

ST \ I  I ,'. 2 dETA L 

S I A T I J Y  i A  6 6 l A  .?A 
v 2 
V 2A 
VZ L 
VZ 2A 
V-THE T,\ ,! 

V-TrlETA LA 
~ 2 
I4 2A 
I U H N l P n l  
UUdAR 
L O S S  PALA 
OFAC 
EFFP 
1NC 10 

PCT SPAN 
D I A  
BETA SET* 2A  2 

v 2 
v 2A 
V.? 2 
vz  2A 
V-THETA 2 
V-THETA 2A 
M 2 

M 2A 
TURNIPR) 
UU8AR 
LOSS PAR4 
OFAC 
EFF P 
I K I D  
OEVM 

P 21 
P 2 A  
I 2  
T L A  





Table B-1, Blade Element Perfosrrlance, UnsEotted 
Rotor 4, Unslotted Stator 4 (Coareirnud) 

CUAKECTEO WEIGHT FL IRE R A T I O  =1.1295 

INL t I 
YO. 9 0  

33.110 
L.lJ3U 
0.300 

478.41 
550.06 
478.41 
5'llI.hh 

3.0C 
0. 0 0  

U.4Jw6 
a. 2 0 5  1 

0.0 
0.0 
-0. 1 5 1  
L.9YY5 
0. 5001  
-u.\;:,c 
1'1.09'1 
1.1.694 

316.7'Jd 
5 l l i .  73; 

P C 1  SPAN 
O I A  
BETA 0 
BETA 1 
V 0 
v 1 
vz 0 

VL I 
V- THE 1- J 
V-TttETA I 
;I J 
i l  I 
1UI.N 
UU3A.< 
0FnC 
EF6P 
INC I 0  
DEVH 
r C 

VZ 1 
V-THETA 0 
V-THETA 1 
n o 

TURN 
UUBAR 
OFAC 
EFFP 
I N t l D  
OEVM 

P 0 
P 1 
T 0 
T 1 

P C 1  SPAN 
D I A  
BETA 1 
BETA 2 
BETA(PR1 1 
B E T A t P R I  2 

1J IA i3.253 
1 '  1 "ETA I O..dl.O 
~ l ~ l l l l h i  ~ L T A L  

*ETA(?&)  I 
dETA(P&I  2 
v 1 
V L 
v z  i 
VL L 
V-TrlETA 1 
V-THETA L 
J l r ' S l  I 
V(P:< J i 
VTHtT4 ?it1 
VIHET4 P\Z 
U 1 
U 2 
n l 
I( L 

I L P R I  I 
V(PXJ ,! 
TU8(31L u1;1 
liUUAK 
L,.liS !'ii.n 
DF ?c 
E F t ?  
E t F  
I kC I I ,  
JEV.'! 
P I 
P 2 
T I 
T 2 

v I 
v 2 
VZ I 
VZ 2 
V-THETA 1 
V-THETA 2 
V t P R I  1 
V I P R I  2 
VTHETA P R 1  
VTHETA PRZ 
U 1 
U 2 
n 1 

3.6 tL2  
0.7532 
'1.55'19 
3 1 . b I I  
u.211e 
0.0dU7 
7.*457 
1.7577 
J. 7>01 
-7.057 
20.392 
14.694 
Id .  3 0 0  

51 0.760 
2h3.430 

H(PR1 2 
TURNIPRI  
UUBAR 
LOSS PARA 
OFAL 
EFFP 
EFF 
I t i C I O  
OEVM 

P I 

4 9 - 5 0  2Y.4H 
36.433 37.dS5 
3 ~ . 9 0 u  31.300 

4.LOU 7.050 
064.22 665.17 
655.15 071.7> 
573.10 >bY.Oo 
053.47 605.71 
3 4 3 . ~ 3  342.41 
-0.3'4 33.42 

0.5Y6q 0.5950 
u . 5 8 f ~ 4  0.6013 
L b . l d 7  25.332 
0.1428 0.1086' 
0.C645 0.0507 
L.22'19 U.1 I U J  

-2.999b 7.7237 
-15.413 -17.76d 

15.110 20.173 

4.76 
39.650 
36. 5 0 0  
10. IOU 
686.78 
590.97 
551.80 
5d1.81 
408.31 
103.64 
0.6162 
0.5251 
26.379 
0.2816 

P C 1  SPAN 
01 A 
8 t T A  2 
8ETA 2 A  
v 2 
V ZA 
VL 2 
VZ 2 A  
V-THETA 2 
V-THETA 2 A  

PUHN(PRI 
UUdAR 
LOSS PARA 
OFAC 
EFFP 
KNClO 
OEVPI 

p 21 
P 2b: 
1 2  
r 26, 



'I'able ]I$-1, Blade Element Performance, Unslotted 
Eotor 4, "u'a~slotted Stator 4 (Col~timedj  

WEIGHT Fb UHE N A T l O  1 l . 1 9 9 8  

IRL L l  
P C 1  S?u. i  
U I A  

S T A T I L I N  C *ETA L 
jTATIY!1  1 >ETA 1  

v 0 
v 1 
V L  0 
VL 1  
V-TilF TA J 
V-THE t A  i 
+I 0 

SO. 9 C  
3 3 . l l C  

U.U30 
0.00U 

4 0 5 . j 4  
5 i 7 . 0 1  
4 6 5 . 3 4  
5 2 1 . 0 1  

0 . 0 2  
4. VJC 

U . 4 2 / + 3  
0 . 4 3 3 5  

L. ,? 
0.  c 
- .1 .134 
3 .993 '3  
0. J J J I  
- u . u 0 c  
l + , 0 Y 4  
14.bL1+ 

21?. 701) 
5 1 d . 7 0 ;  

PCT SPAN 
D l  A 
BETA 0 
BETA 1 
v 0 
v 1 
v z  0 
VZ 1 
V-THETA 0 
V-THETA 1 
n 0 
n I 
TURN 
UUBAR 
OF AC 
E F F P  
I K I D  
DEVH 

I .t P L T  S P + 4  
U ix 

,Ii.T. 9;. 1 : k r A  , 
1 i : l  2 . 4 i T &  L 

j E T A t P n l  I  
r J i T A l Z . i l  2  
v 1 
v 2 
VL 1 
V L  2 
V - T n t - l A  I 
v - r l l c r n  .' 
V f > R )  1 
V I Z d )  < 
V r r i l T u  . ' . . 1  
V T h r T A  r ' t . ,  

U 1  
J 2  
ir : 
.I 2 
. ; t v n t  1 
1 l P d )  2 
T U r t Y ( F \ I  
m ~ n r  
L u S j  P A l \ i  
0 t  AL 
c F k P  
t - k t  
i E I L 1 J  
,)L v 4 
r' 1 
r' L 
T l 
r 2 

7 0 . 3 1  
3 5 . 1 3 3  

3  .JUC 
35.>oC 
5 0 . 3 3 1  
2 1 . 0 2 9  
5 3 2 . 4 9  
7 0 7 . 6 6  
5 3 2 . 4 b  
5 7 ~  ., 1  

0 .JO 
4 1 1 . 4 4  

8 3 4 . 1  
~ 1 9 . 3  

- 6 4 2 . 1  
- 2 2 B .  Z 
6 4 2  .Od  
b 3 Y . 7 1  
0 . 4 3 b L  
( 1 . 6 3 3 7  
0 . 7 0 4 6  
G . 5 , 4 t >  
2 d . l b 7  
0.0.124 
J.J3bcr 
i . 4 0 2 6  
G -9 3 Z 2  
U.9LY7 
- 7 . 5 7 J  
l l . d 7 4  
14.0 '44 
l a .  3 5 a  

5 1 b . l d d  
2oi l .u3r  

PCT SPAN 
V I A  
BETA I 
BETA 2 
B E T A ( P R 1  I 
B E T A I P R )  2 

V Z  2 
V - 1 H E l A  1 
V-THETA 2 
V I P R )  1 
V I P R )  2 
VTHETA P R 1  
VTHETA PR2 
U 1 
U 2 
H 1 
n 2 
CIIPR) 1 
H I P R )  T U R N I P R I  2 

UUBAR 
LOSS PARA 
VFAC 
E F F P  
E F F  
I N C l D  
DEVM 

PCT SPAN 
0 1  A 
BETA 2 
BETA 2 A  

> 1  8 T L r  4 I 'LT  i r ' A  i 

~ l . : T l . . ~  L , l i T A  : 
$ 1  h l  t I J P 4  2 4  3tT .A  I A  

v 2 
V LA 
V L  2 
VL 2l 
d -  r11t r A  ' 
V - T n c l A  ,A\ 
:4 2  
M LA 
TUKhll PK I 
UUaAR 
LOSS PA'<A 
Llt AL 
I - F F P  
I N C l C  
O E V ' I  
P 2 1  
P 2A 
1 2  
1 26. 

VZ 2 
V L  2 A  
V-THETA 2 
V-THETA IA 
H 2 

H 2 A  
TUHNIPR)  
UU8 AR 
LOSS PARA 
OFAC 
E F F P  
i N C 1 0  



Table B-I, 13I.a.de Element Performanee, Unslo"ced 
Rotor 4, Unslotted Stator 4 (Coratin~~ed) 

3.9 5 EQUIV-T R M O R  SPEED - 
PCT SPAN 
0 1  A 
BETA 0 
BETA 1 
v 0 
v I 
VZ 0 
vz 1 
V-THETA 0 
V-THETA 1 
n 0 
n I 
TURN 
UUBAR 
DFAC 
EFFP 
I E G l D  
OEVM 

P 0 
P 1 
T 0 
T I  

bETA 0 
BETA I 

V 5 
v 1 
VL 0 
VL I 
V-THETA C l  
V-TtlETA I 
H 0 
n I 
TUit'i 
UU6A;I 
;JFI\L 
tFFP  
I N C I 3  
OkV4 
P 0 
P I 
T 3 
T 1 

PC1 SPAN 
O I A  
BETA 1 
d t T A  2 
B E T A I P R I  1 
B E T A i P R I  2 
v 1 
V 2 
v z  1 
vz  2 
V-THETA 1 
V-THETA 2 
V I P R I  1 
V I P R I  2 
VTHETA PRL 
VTHETA PR2 
U 1 
U 2 
H 1 
n 2 
H I P R I  1 
H(PH1 2 
I U R N I P R I  
UUBAR 
LCSS PARA 
UFAC 
EFFP 
EFF 
I E G l D  
OEVM 

P I 
P 2 
T 1 
r 2 1  

> T - I  ,.. 4 I.L~ S U R  I 
" i A  

s r a T 1 ~ ' I  2 n c ~ 4  , 
1 1 1 . 1  2 . ,E l4  LC 

V 2 
v 2u 
VL 2 
VL 2A 
V - 1 1 i E l u  ; 
V-TnETA LA 

n 2 
'4 LA 
TU,<N[ PK I 
bUdAk 
LUSS f'.l\U 
dFAL 
EFFP 
l N C I 0  
0 t V H  
p 21 
P 2A 
r 2 
I 2A 

hi) .65 PC1 SPAN 
0 1  A 
BETA 2 
BETA 2 A  

v z  2 
VZ 2 A  
V-THETA 2 
V-THETA 2 A  
n 7. 

I4 z A  
TUHN(PR1 
UUBAH 
LOSS PARA 
dFAC 
t F F P  
1 h C I O  
0 E V W  



Table B-1, Blade Element Performance, Unslotted 
Rotor 4, Ul~slotted Stator 4 (Continued) 

)R SPEED - I E  R A T I O  =1.2572 

PCT SPAY 
urn 

h T A l i Z N O  b E T A 0  
S T d T I 4 h  1  3ETA 1 

v 0  
v 1 
v z  0 
VL 1 
V-THFTA G 

P C 1  SPAN 
D I  A 
BETA 0 
BETA 1 

VZ 1 
V-THETA 0 
V-THETA 1 
n 0 
n 1 
TURN 
UUBAR 
OFAC 
EFFP 
l N C I D  
D E V n  

P 0 
P 1 
r 0 
T 1 

PCT SPAN 
D I A  
8ETA 1 

<isT,. c 4 PCT SPA> 
3 I A  

STZTl i l . .  I > t T A  1  
J  2 5CTA i 

cETA(P. 1  1  
J E T P l V r O  L 

V 1 
v  2 
v z  1 
v z  2  
V-THt TA 1  
v - r ~ t  T A  L 
V(PR1 1 
V l P d l  2 
VTHcTA tJr 1  
VTl i t  I A  i'n 
U 1 
U 2 
M 1 
M 2 
' ! ( P K l  I 
H 1 2 k I  ? 
TUniu ( Pk I 
UildAX 
LLISS P A K A  
u t A i  
FFFP 
t F F  
i ~ ~ l 0  
u t  VLI 
P 1 
1' 2 
T  I 
1 L 

70 .0 1  
3 5 . 1 5 0  

0.Jd0 
41.2b9 
Z 3 . 4 t 2  
23.116 
4 3 0 . 1 1  
658.44 
4 8 0 . 1 0  
4 9 4 . 7 0  

0 .do 
4 3 s . 3 5  

bO6.4 
53d.U 

-647.9 
- 2 l l . L  
6 4 7  .'iL 
6 4 5  -54 
IJ.433L 
0.584') 
l,. 7 3 b 1  
J . 4 7 7 9  
30.5>1 
0 .1153 
0 . 0 4 4 7  
,3.5>07 
ii .9 L5d 
I;.YlL5 
-4.233 
13. 3 0 1  
14.094 
I Y .  l b o  

5 l t . 7 0 ~  
5 4 3 . 2 3 3  

BETA 2 
t l E T A l P R I  I 
B E T A I P R I  2 
v 1 

VZ 1 
VZ 2 
V-THETA 1 
V-THETA 2 
V l P R l  1 
V I P R I  2  
VTHElA PR1 
VTHkTA PR2 
U 1 
U 2 
fl 1 
n 2 
f l ( P R I  1 
H I P R I  2  
TURNIPRI  
UUBAR 
LCSS PARA 
DFAC 
EFF P 
EFF 
l W I D  
DEVM 

P 1 
P Z 
r 1 
T 2 1  

PCT SPAN 
O I A  

5 f b I l r .  4 P i T S P E ' I  
l'l A 

S 1  AT I I , \  i a t T A  L 

j T i T l  J U  iA s t l A  ?A 
V 2 
V 2A 
VL Z 
V L  2A 
V-Ttic l A  2 
v - T H ~ T A  2.i 
Y 2  
N LA 
T U K d l P n  I 
UUdAK 
LOSS PAdA 
uFAC 
EFFP 
li9C 10 
OEVU 
p 2 1  
P LA 
T I 
I 2A 

BETA 2 
BETA ZA 
v 2  
V 2 A  
V L  2 
VL 2 A  
V-THETA 2 
V-THETA 2 A  
n 2 

!4 2A 
TURHIPRI 
UUBAR 
LOSS PARA 
OFAC 
EFFP 
I N C I O  
OEVb4 



Table B-1, Blade Element Performance, Unskotted 
RoGor 4, Unslotted Stator 4 (Continued) 

PERCEJIT EQUIVALEMT DESION SPEB) " 

I ' t L E T  
PCT SPAi4 
U I A  

> T A T I J N  j 3ETA ti 
S T A T I O N  1 dETA 1 

v 0 
v 1 
v z  0 
VL 1 
+THE TU 1 
V - T H E I 4  1 
.r1 0 
I'll 
TUK4 
'JtJSAA 
DFAC 
EFFP 
l k C l U  
0tV!4 
P 0 
P 1 
T 0 

1 

.:#,TO c 4 PCT SPA.,i 
iJ I b  

j 1 4 T 1 1 1 .  1 oETA I 
1 I .  2 uETA L 

0ETA(P.'.) 1 
u E 1 A l P ~ l  L 
v I 
J 2 
V L  1 
VZ 2 
V-Tr ikTA I 
V - T n t T A  2 
V(P.< I  1 
v l P n ]  
VTHE-TA F 6 1  

CUHHECT ED WEIGHT FL 94 PRESSURE R A T I O  = 

91.17 
33.590 
0. COO 
0.000 

402.98 
440.03 
402.98 

PCT SPAN 
0 1 4  
BETA 0 
BETA I 
v 0 
V 1 
VZ 0 
vz  I 
V-THETA 0 
V-THETA 1 
n o 
n 1 
TURN 
UUBAR 
OFAC 
E F F P  
l r n I0  
OtVW 

P 0 
P I 
I 0 
1 1  

P C 1  SPAN 
O I A  
BETA 1 
BETA 2 
8 E T A t P R )  1 

v 2 
VL 1 
VL 2 
V-THETA I 
V-THETA 2 
V I P R )  1 
V I P R )  2 
V T H E I A  P R 1  
VIHETA PR2 
u 1 
U Z 
n 1 
n 2 
W(PRI 1 
MtPR)  2 
TURN(PR) 
UUBAR 
LOSS PARA 
UFAC 
E F F P  
EFF 
I N C I O  
OEVW 
P 1 
Y 2 
7 I 
T 2 1  

v T h i T ~  r ' h ?  
u i 
LJ 2 
.I 1 
I L 

*I(Ph) I 
i I ( P d I  : 
IURzU(Pr 1 
UUBAd 
L U S S  2AA4 
J F A L  
ctk1 '  
t F f .  
l t " L 1 U  

PCT SPAN 
0 1 A  
8ETA 2 
BETA 2 A  
v 2 
V Z A  
vz  2 
VL 2 A  
V-THEIA 2 
V-THETA 2 A  
n 2 .. - 

Y LA 
T U N N I P < )  
UUdAa 
L U S b  C'A.<A 
J F A i  
EFFP 
i l v L l 0  
OE vn 
P 2 
P LA 
T i 
T 2A 

LCSS PARA 
UFAC 
t F F P  
l b € I D  
OEVW 

P 2 
P 2 A  
I 2  
T s'd. 



Table B-1, Blade Element Performance, Unslotted 
Rotor 4, UnsZotted Stator 4 f Continued) 

pcqCENT EQUNALENT DESIGN SPEED 1 ?,I. 2 4 EQ1 M)R SPEED - CJnKECTE0 N E I G H 1  FLC 4 PRESS URE R A T I O  = 

InlL LT 
P L T  5r'A.l 
urn  

b T Z T l $ l i i  0 d L T A  C 
S I A T l u i ,  1 JETA I 

v 0 
v 1 
VL 0 
V L  I 
V-THcTA ; 
V- THETA 1 
64 0 
4 1 
TUAV 
UUuAA 
JFGL 
iFF? 
11'4<10 
3 t V V  
? 0 
0 1 
T b 
T 1 

PCT SPAN 
U I A  
BETA 0 
BETA 1 
v 0 
V I 

n 1 
TURN 
UUBAR 
OFAC 
EFF P 
l N C I D  
OEVH 

P 0 
P 1 
T 0 
T I 

P C 1  SPAN 
O I A  
BETA 1 
BETA 2 
t t E T A l P R 1  1 

v z  2 
V-THETA 1 
V-THETA 2 
V I P R )  1 
V l P R J  2 
VTHETA PR1 
VTHETA PR2 
U 1 
u 2 
n 1 
H 2 
H I P R J  1 
M I P R I  2 
TURNIPRJ 
UUBAR 
LOSS PARA 
UFAC 
E F F P  
t F F  
I N C l D  
OEVM 

P 1 
P 2 
r 1 
T 2 1  

\ 1 ; 1 1  I 1  4 I ' L l  
u l A  

1 .  C l i i T A  2 
:TAT1 , t i  2,. > € I &  2,. 

v 2 
V i A  
VL 2 
V L  CA 
V - T h t T A  I 

V-TtIETA ''A 
v L 
n LA 
I U K N l P h l  
ULIDAR 
L O L S  l ' A , < l l  
,)FA(. 
EFFP 
I ; V L I 3  

O E V M  

2 21 
P 2A 
i i 
1 Li i  

P C 1  SPAN 
0 I A  
8 t T A  2 
META 2 A  
V  2 
V 2 A  
V Z  2 
v z  2 1  
V-THETA 2 
V-THETA Z A  
H 2 

M 2 6  
T U R N I P I O  
UU8AR 
L C S S  PARA 
OF AC 
E F F P  
I K l D  



Table B-1, Blade Element PerIormanee, Unslotted 
Rotor 4, Unslotted Stator 4 (Contimedj 

PERCENT D1UIVALEXT DESION SPEED 11 CORAECTEO WEIGHT FLOa - 123. 83 PRES! 

INL FT 
PC1 SPAN 
0 I A  

STAT I I,\ 0 DtTA 0 

PC1 SPAN 
D I A  
8ETA 0 

VZ I 
V-THETA 3 
V-THETA 1 
M 0 

V-THETA 0 
V-THETA I 
n o 

M 1 
TURN 
UUoAR 
OFAL 
EFFP 
l l vC f0  
DEVH 
P 0 

n 1 
TURN 
UU8AR 
DFAC 
EFFP 
I N C I D  
OEVW 

5.02 PC1 SPAN 
48.135 0 I A  

0.000 BETA 1 
34.580 BETA 2 
56 .845  BETA(PR) 1 
33.106 BETAtPR) 2 
543.02 V 1 

S T , i T I J \ .  2 J E T A  2 
8 E T b l r ' ~ )  I 
o t l A ( P A 1  2 
v 1 
v 2 
vz 1 
v.! 2 
V-THETA 1 
V-TI1Elu 2 
V I P & )  1 
V(?RI i 
VTHtTA P t i l  
VTHETA P A L  
U 1 
u 2 
, I  1 

v 2 
VZ 1 
v z  2 
V-THETA 1 
V-THETA 2 
VIPR) 1 
V(PRI  2 
VTHETA PR1 
VTHETA PR2 
U I 
U 2 
M I  
n 2 
MIPRI I 
MIPR) 2 
TURNIPR) I 
UUBAR 
LCSS PARA 
OFAC 
EFFP 
t F F  

I I P I I I  2 
TUdNIPH) 
UUdAR 
LuSS PunA 
UFAL 

i:. 53Y> 
39.972 
0.3'114 
0.1507 
u.5u29 
C. 7004 
o.69CC 
-7.107 
20. 9 5 2  
14.0'4ft 
18. 744 

51 d. 7 L J  
512.d5C 

t tFP  
c F t  
IluCIO 
JCVN 

ST L T  < 4 P C 1  S P I \  
J l A  

s r i l  i 1 .  i r i t r ~  2 
hT..T I , "  2n AETA 2A 

v 2 
V LA 
V I  2 
VL 2A 
V-THE TA 2 
V-THE TA ,'A 
H 2 
N 2A 
TUHMIPK) 
UURAK 
L O i S  P A M A  
0tAC 
EFFP 
1hCI0  
UEVN 
P 2 ,  
V 2 A  
T 2 
1 2A 

I 
PC1 SPAN 1 
OIA 
BETA 2 
BETA 2A 
v 2 
V 2A  
v z  2 
VZ 2 8  
V-THETA 2 
V-THETA ZA 
n 2 

I4 2A 
TURN(PRi 
UU8AR 
LCSS PARA 
OFAC 
EFFP 
I N C I O  
DEVM 



Tahke R-1, Blade Element Performance, Uns1o"ced 
Rotor 4 ,  Unslotted Stator 4 (Continued) 

CORRECT El) WEIGHT FL URE RATIO =1.2455 

INL ET 
PCT SPAN 
0 I A  

ST4TIJW C &ETA 0 
STATIOY I d t m  I 

v 0 
v 1 
VL 0 
VZ 1 
V-THtTA U 
V-THETA 1 
H 0 
h 1 
TlJKN 
0UdAA 
OF4C 
EFFP 
IYC I?, 
UEV,U 
P 0 
P 1 
T (i 

7 1 

3 . 3 4  PC1 SPAN 
40.950 OIA  

0.000 BETA 0 
0.000 BETA I 

478.31 VZ 0 
510.25 VZ I 

0.00 V-THETA 0 
V-THETA 1 
H 0 
n 1 
TURN 
UUBAR 
OFAC 
EFFP . 
I h c I D  
DEVn 

P 0 
P I 
T 0 
T I  

* ' . : T J <  4 PCT SPAN 
0 l A  

I 1 0 1  1 dETA 1 
S l A T l d a % L  d t T A 2  

oETAIPK1 1 
dcTAIPK1  i 
v 1 
v 2 
VZ 1 
VL 2 
V-1HtTA I 
V- THtTA 2 
v ( P a )  I 
VIPHI  2 
VTI1ETA P < I  
VTHETA 0 -  2 
u 1 
U 2 
fi 1 
q 2 
n i p * )  I 
Y l P I o  Z 
TUdY I Pn 3 
UUhAP 
L O S S  PAnA 
dFAC 
EFFP 
EF6 
1NCIJ 
UtVH 
P 1 
r 2  
T 1 
r 2 

95.61 
53.23, 

L1.0~" 
43.25L 
91.152 
11.555 
>41.63 
764.71 
541.55 
505.21 

0.0C 
570.LL 

003.3 
919.8 

-672.5 
-134.2 
672. 5 1  
u75 .U i  
0.4776 
d.0732 
0.7224 
J.461 J 
39.557 
11.31YY 
0. I 2 3 4  
0.6>db 
0.7197 
b. 7704 
-5.27s 
'b. 395 
14.634 
19.7,C 

5 1 3 . 7 3 ~  
577.aa>C 

PC1 SPAN 
D I A  
BETA 1 
BETA 2 
BETAIPRI 1 
8ETA lPR l  2 
v 1 
v 2 
VL 1 
V L  2 
V-THETA 1 
V-THETA 2 
V(PR1 1 
VIPR) 2 
VTHETA PR1 
VTHETA PR2 
U I 
U 2 
11 1 

MIPR) 2 
TURNIPRI 
UU8bR 
LCSS PARA 
OFAC 
EFFP 
EFF 
I N C I D  
OEVM 

P 1 
P 2 
T 1 
T 2 1  

\1  .\Tcin 4 PLT >PA*q 
U l  A 

J IAT I I IN  2 GETA 1 
51411  Jtu 2A JETA ZA 

v 2 

4.76 PC1 SPAN 
39.650 U IA  
44.350 BETA 2 

9.970 BETA 2A 
633.47 V 2 
533.91 V 2A 
452.81 VL 2 

V 2A 
V L  2 
VL 2A 
V-TdE TA 2 
V-THETA .'A 
H 2 
H 2A 
TURNIPKI 
UU6AR 
LOSS PARA 
OFAC 
EFFP 
l N C l D  
I)€ VH 
p 21 
P 2 A  
r 2 
I Z A  

525.85 V Z Z A  
442.65 V-THETA 2 

92.44 V-THETA 2A 
0.5563 H 2 
0.4647 H 2A 
34.358 TURNIPRI 
0.1970 UUBAR 
0.0955 LCSS PARA 

0.4318 OFAC 
0.4167 EFFP 

-1?.472 INCKO 
25.920 u tvn  





Table B-3, Blade Elenlent Perfoormanee, Unslotted 
Rotor 4 ,  Unslotted Stator 4 (Continued) 

P!:?CEXT ECUIVALEllT DESIGN S W  " 1 i(  

I h L  t T  
P L T  $PAN 
U I A  

S l  i 1  LJL 9 META C 
S T 4 1 I ' l . \  1 META 1 

v 0  
v 1 
VZ G 
VL I 
V - T H t l A  0 
V-THE 1A I  
H 0 
M 1 
TURh 
UUdAR 
UF4C 
t F F P  
I N C l u  
1) t VN 
P C 
P I 
T '3 
T 1 

i l  I .:-. 4 I'L I S V A h  
I l I Q  

T i  I 1 d t T A  I  
1 1 J L 0 C T A  2 

3 C T A ( P ? l  1  
d t r n ( . l + , r  r 
v 1 
v  r' 
V Z  1 
VL 2 
v-THL 11 I 
v - r h t  It< 2 
V I P U )  1 
V(Pb i1  2 
V T I ~ I T A  r 'r  1 

IMR SPEED - CbHHELTEO W t l G H T  FLUW = 112.45 P R t S  SURt R A T I O  

PCT SPAN 
01 A 
BETA 0  
BETA 1 
v 0 
v 1 
vz 0  
V Z  I 
V-THETA 0  
V-THETA 1 
n 0 
n 1 
TURN 
UUBAR 
DFAC 
E F F P  
l N c l 0  
OEVH 

P 0  
P  1 
T 0 
T 1 

PCT SPAN 
0 1 A  
8 E T A  1 
BETA 2 
B E T A I P R I  1 
B E T A ( P R I  2 
v 1 
v 2 
v z  1 
VZ 2 
V-THETA I 
V-THETA 2 
V ( P R I  1 
V I P R I  2  
VTHETA P R I  
VTHETA PRZ 
i l l  

Y5.01 SL.00 
1 3 . 3  3i . ,17 

I . !  J.UOC 
53.94,: 32.750 
',>.>73 53 .545  

I3.201 17 .279  
*')+.45 >32 .17  
142 .4>  bdb .73  
. t c1 f+ .4Y  SUL.17 
$21.02 s l 0 . 3 9  

0. S C  u. 00  
"11 .17  545.2, 

6 3 2 . 2  345.1 
4 2 o . i  437.3 

- 0 l J . L  - 0 1 3 . d  
-01.4 -132.1 

> 7 9 .  J> ~ 7 9 . 7 6  
7  "60.31 
! l .+>lS J.45Y2 
J . = > + >  . , .bO5L 
,>.7hlL 0 .7720  
2.  3 7 5 5  U.5243 
-5.251 33 .366  
3 0.3061 
i . l Z l >  2.1162 
u.7710 b.7410 
.,. JL 3 z  'I. 1630 <,. 5 1  54 S L .  7337 
- L . o > 7  - 2 . o 7 >  
l t . 7 o l  21.U7S 
14 .694  14.694 
i 0 . 4 ~ i  1S.bbC 

515. I C ~ J  51;. 7 0 C  
3 1 1 . 0 0 ~  270.4JC 

u 2 
n i 
H 2 
U ( P R l  1 
WIPRJ 2 
T U R N I P R I  
UUBAR 
LCSS PARA 
OF AC 
EFF P 
EFF 
I K I O  
OEVH 

P 1 
P 2 
T  1 
1 2 1  

, I , 4 Z L 1  St's 6 

ij l a  
r r I I .  o c r n  r 
> l A f I . u  i A  G E l A  ;& 

v 2 
V LA 
V L  2 
VZ LA 
V-THtTA L 
V-THETA L A  
' 4 2  
M 2 i  
I U A N I P K I  
U U a A i  
Li)SS i'hl,4 
O F A i  
t F F P  
INC l U  
DEVM 
P 21 
2 LA 
i 2 
1 2Q 

PCT SPAN 
O I A  
BETA 2  
BETA 2 A  
v 2 
V 2 A  
v z  2  
VL Z A  
V-THETA 2  
V-THETA Z A  
n 2 

M 2 A  
T U K N I P R I  
UUBAR 
L C 5 5  PARA 
DFAC 
E F F P  
I N C I O  
o tvn  

P 2 1  
P Z A  
'I L 
T 2 b  



Table B-1, . Bide Elemen"cerformanee, Ut~slcltted 
Rotor 4 ,  Unslotted Stator 4 (Continued) 

CORRECTtO Y E l G W T  FLOU = 109-16  PRES: 

I h L t l  
P L l  SPAN 
UIA 

bT 11 1? \1 0 dET4 C 
b T l l l i U  1 )ETA I 

v 0 
v 1 
VL 3 
VL I 
V-Thk FA L. 

V-THETA 1 
H 0 
'4 1 
TUKU 
UUll AP 
JFAL 
t FkP 
INC 10  
UE kt4 
P 0 
? 1 
T I2 
r 1 

Yb.YC 
33.110 

CsGLO 
C.0CC 

429.56 
'183.9e 
429.56 
~ 6 3 .  Y8 

0. OL 
ti. OC 

0.3906 
1?.441S 

u.0 
c.0 
-t i .127 
1. UOOi 
rl.OC01 
- 0 . 0 6 ~  
14.094 
14.694 

513.700 
51I3.7011 

91.17 
33. >YO 

0.000 
0.000 

429.50 
4d2.81 
429.56 
4d2.88 

11.00 
0.00 

0.3906 
0.44CY 

0.0 
3.0 
-0.124 
1. OOOC 
3.0001 
-C.  0 0 0  
14.094 
14.094 

5 1  3.70L 
518.700 

PC1 SPAN 
D I A  
BETA 0 
BETA 1 
v 0 
v 1 
VZ 0 
VZ 1 
V-THETA 0 
V-THETA 1 
H 0 
n 1 
TURN 
UUBAR 
DFAC 
EFFP 
I N C l D  
o E v n  

P 0 
P 1 
T 0 
T I  

5.02 PC1 SPAN 
40.135 OIA 

0.000 BETA 1 
54.940 BETA 2 
61.505 BETAdPR) 1 
42.540 t iETAIPR) 2 
448.91 V l 
602.43 V 2 
448.89 VZ I 
345.97 VZ 2 

0.00 V-THETA 1 
493.00 V-THETA 2 

940.9 VIPR) 1 
469.8 VIPR) 2 

-a26.9 VTHETA PRI 
-317.5 VTHETA PRZ 
826.92 U 1 
810.46 U 2 
0.4088 M 1 

LOSS PARA 
OFAC 
EFF P 
EFF 
I N C I D  
OEVH 

P 1 
P 2 
T I  
1 2 1  

1 . 1 .  4 P L I  SPA'. 
u lA  

1 1,  , 1A i 
S l i l l i i :  ; C  t i t l h  / A  

v ;  
v L A  
vz  L 
VL L A  

V-TIIF 1A ' 
V-THL-TA 2LI 
bi 2 
M LA 
TUKN(PK) 
UUJAd 
L O S S  g n i a  
0FAC 
EFbP 
INC lO 
UEV3 

p 2 1  
P zn 
I 2  
r ZA 

P c r  SPAN 
OIA 
8ETA 2 
8 t T A  2A 
v 2 
V 2A 
vz  2 
VZ 2A 
V-THETA 2 
V-THETA ZA 
n 2 

k4 2A 
TURN(PR1 
UC8AR 
LOSS PARA 
OFAL 
t F F P  
I W I D  
OEVM 

p 2 1  
P 2 A  
I 2 " .  



Table B-1, Blade Element Performance,  Unslotted 
Rotor 4, Unslotted $tator 4 (Concluded) 

PmCENT MUIVALENT DESICdJ SPEGD - 1 lo .  30 ~ U I Y ~ T  R O ~ R  s m  - 
INL CT 

PLT SPAN 9o.YL 91.17 00.75 
0 I A  35.110 33.590 55.960 

STAT I.Jl< D dETA 3 C.ObC 0.000 0.000 
ST \ll 114 I BETA 1 0.00C 0.COC 0.500 

V 0 -14.29 414.29 414.LY 
V 1 4 - 1 - 9 4  464.08 465.22 
VL 0 414.2; 414.29 414.29 
VZ 1 461.94 404.08 465.22 
'4- THt TA I) 0. 0 0  0.00 U.i.5 
V-THETA I 0. 5 0  0.00 0.20 
N 0 0.3763 0.3763 J.3765 
:+ I 5.4211 0.4231 0.4242 
TIJd;t J. 0 0.0 L -U 
UU3AR C . c  0.0 6.0 
DFAC -L.113 -0.120 -C.LZ3 
EFFP 1.013C 1.0000 1.JbilO 
I:iC I U  3.CGCl C.0001 0 . v F u l  
36 VH -0.006 -5.000 -U.OdO 
P S 14.644 14.694 i4 .094  
P I 14.044 14.694 14.h94 
T 0 51d. 70; 516.700 5 1 i . 7 0 d  
T 1 518.70G 518.700 510.750 

k 4 P L T  SPAii $5.01 4C.00 lJ5.ul 
i ) l A  3 3 . 2 3 3  33.617 34.600 

SlATi:.., 1 JkTP I 6 . 6 ~ ~  0.000 ~,.nno 
S T L I  1 'h 1 b F l n  Z oC.16; 57.680 55.420 

j c T d l F x )  1 35.377 55.63d 55.864 
r iETA(P. i l  2 s . n b ,  17.762 21.992 
V 1 401.94 404.08 465.22 
k 2 723.q3 60d.36 a5!{.2b 
VL 1 401.94 464.03 462.22 

W E I G H T  FLC 

2 9  24 PC1 SPAN 
D l  A 
BETA 0 
BETA 1 
v 0 
v 1 
VL 0 
VL 1 
V-THETA 0 
V-THETA I 
n o 
W 1 
TURN 
UUBAR 
DFAC 
EFF P 
I H C I D  
o E v n  

P 0 
P 1 
T 0 
T 1 

PC1 SPAN 
D I A  
BETA 1 
BETA 2 
BETAIPRI 1 
BtTA(PR1 2 
v 1 
v 2 
vz  1 
vz  2 
V-THETA 1 
V-THETA 2 
V l P R I  I 
V(PRl  2 
VTHETA PR1 
VTHETA PRZ 
U I 
U 2 
W 1 
u 2 
UlPR) 1 
MIPRI 2 
TURN(PR1 
UUBAR 
LOSS PARA 
DFAC 

V Z  2 
V-THETA I 
V-lHCT4 L 
Vl i ' k )  1 
V(Pl i1  " 
VTHE TA F.1 I 
v r t i c r n  P,,) 
3 1 
u 2 
n I 
' I 2  
M ( P & l  I 
.l(PI( I L 
T U k h l l J ~  1 
U'JdAR 
L . j S S  Pa,:,. 
UFAC ..,j>J7 :.dl73 j. 1 4 ~ 6  
t t F P  J.d332 0.175; 3 .771 r  
c F 6  3 . 6 ~ 5 4  3.7096 0.7618 
l h C 1 3  -1.053 -2.5d2 -O.Clb 
OEV9 15.382 21.202 2d.192 
P 1 14.6$4 14.094 l r . o 9 4  
P 2 5 IY. 7bO 19.L70 
I I ' , l a .  7u.j 518.700 5Ld.703 
T 2 5 .  I 27d.75C 577.G73 

EFF P 
EFF 
I E & I D  
OEVH 

P I 
P 2 
T I  
1 2 1  

2 1  L T  4 PLT SJA a 

0 1  A 
bT ,AT I ' r .  2 b t  14  2 
ST;TI . ' r  i A  +ETA i4 

V 2 
V 2A 
v z  2 
V L  2u 
V-THL IA L 
V - T H E T A  Z A  
H 2 
K LA 
TURNlPhl  
UUdAA 
LLISS r a w  
0FAC 
tFFP 
INC I U  

PC1 SPAN 
UIA  
BETA 2 
BETA 2A 
v Z 
V ZA 
v z  2 
VL 2A 
V-THETA 2 
V-THETA 2A 
ti 2 

U 2A 
TURNIPKI 
UbBAR 
L C S S  PARA 
OFAC 
EFF P 
I h C l D  
OEVN 

p 21 
P Z A  
1 2  
i ? a  



Table 93-2, Blade Elemen"cerformmee, Slot td  
Rotor 4,  Slotted Stator 4 

WEIGHT F LOU = 92.1 11 PRESSU RE R A T I O  

I N L E T  
P C 1  SPAN 
D l A  
d t T A  0 
MET4 1 
v C 
v 1 
vz 0 
VL 1 
V- I H t T 4  : 
V-TUETL, L 
P 0 

PC1 SPAN 
0 1 A  
BETA 0 
BETA 1 
v 0 

STATIUN C 
SrATIOiU I 

VL 1 
V-THETA 0 
V-THETA 1 
11 0 
11 1 
TURN 

UUBAR 
OFAC 
t F F P  
I N C l O  

UU8AR 
OFAC 
EFFP 
I W C I D  
DEVR 

P 0 
P 1 

s m m  
ROTCH 4 PCT SPAN 

D I A  
BETA 1 
BETA 2 
B E T A I P R I  L 

v 2 
VL I 
vz 2 
V-THETA 1 
V-THETA 2 
V I P R I  1 
V I P R I  2 
VTHETA PRL 
VTHETA PR2 
u 1 
U 2 
n I 
n 2 
R I P R I  I 
M I P R I  2 
TURNIPRI  
UUBAR 
LCSS PARA 
OFAC 
EFFP 
EFF 
l N C l D  
OEVR 

P I 
P 2 
T I 
1 2 1  

VZ 1 
VZ 2 
V - T H t l l  L 
V-THE TA L 
V l r ' O  1 
V I P & )  2 
VTHETA *(I 
VTHtTA ,'<? 
U I 
U 2 
Y, 1 
H 2 
r l o r M l  1 
H I P n l  2 
T U A Y I P h l  
UUJA.3 
LU,S P A < \  
UFAL 
t F F P  
EFF 
I h C I U  
DEVY 
$ 1  
P L 

r l 
T 2 

PCT SPAN 
0 I A  
BETA 2 
BETA 2 A  
v 2 
V 283 

4 PCT 51'Ph 
u ra 
J t T A  2 
d t T &  244 
v 2 
V LA 
v z  2 VL 2 

VZ 2 A  
V-THETA 2 
V-THETA 2 A  
n 2 

U TURNIPRI  2A 

UUBAR 
LOSS PABA 
OFAC 
EFFP 
I W I D  
DEVW 

V-THETA 2A 
n 2 
n LA 
TUAHIPIO 
UUBAR 
LOSS PAdA 
DFAC 
EFFP 
I M C I U  
OEVW 





Table B-2. Blade EZemen"cerformmce, Slotted 
Rotor 4,  Slotted Stator 4 (Continued) 

PERCBlT EQUIV- 

INLET 

FOR S P r n  .-- .OW = 8 2 - 5 8  PRESS 

PC1 SPAN 
UIA 
6ETA 0 

71.00 
35.280 

0.005 
0.000 

311.64 
349.75 
311.64 
349.74 

0.00 
0.00 

o.za14 
0.3164 

0 .o 
0.0 
-5.12L 
0 . 9 9 9 ~  
0.000 I 
-6. JOU 
14.094 
14.694 

518.730 
513.703 

PCT SPAN 
0 1  A 
BETA 0 
BETA 1 
V 0 
v 1 v 1 

vz 0 
V L  I 
V-THETA 0 
V-TtitTA I 

v z - 0  
VZ 1 
V-THETA 0 
V-THETA 1 
n o H 0 

H 1 
TURN 
UUdAH 
0FAC 
EFFP 
IrVCiU 

n 1 
TURN 
UUBAR 
OFAC 
EFFP 
ImIo 
DEVM 

P 0 
P 1 

SLOTTED 
hi.TL'? 4 PC1  SPAN 

0 1  A 
dETA 1 

PCT SPAN 
OIA 
BETA 1 
BETA Z 
BETAIPRI 1 
BETAIPRI Z 
v 1 
v 2 
VZ 1 
VZ 2 
V-THETA 1 
V-THETA 2 
VIPRI  1 
VIPRI  2 
VTHETA PR1 
VTHETA PRZ 
U 1 
U 2 
M I  
n 2 
H I P R I  I 
MIPRI 2 
TURNIPRI 
UUBAR 
LOSS PARA 
JFAC 
EFFP 
EFF 
I W I D  
OEVR 

P 1 
P 2 

BETu(PK1 2 
v 1 
v 2 
v z  1 
V Z  2 
V-THETA 1 
V-THtTA 2 
V I P n )  I 
VIPH) 2 
VTh tTc  P n l  
VTHiTa PrIL 
U 1 
u 2 
H I 

* I P & l  L 
TUKNIPd) 
UUJ AK 
LOSS PARA 
bFAL 
E k t P  
ctt 
I N C I U  
UtVY 

SLOTI'ED 
STPTJA + P L T  s r n d  

9 I *  
S1 AIluP. i 6 t l A  . 
5 T u i  l u ~ r  2A aLTA 2n 

v L 
V 2A 
VZ 2 
VL 24 
V-IHETA L 
V-THETI Zb 
1 , 2  
n m 
TURNIPI, I 
UU9AL 
LOSS Y l r a  
DFAL 
EFFP 
l N L l U  
u t  VW 
P 2 1  
P 24 
I 2  
P 2 A  

PC1 SPAN 
0 1  A 
BETA 2 

v .?A 
VZ 2 
VZ 2 1  
V-THETA 2 
V-THETA Z A  

UUB AR 
L C S S  PARA 
OFAC 
EFFP 
l N C l 0  
DEVR 

P 2 1  



Table B-2, Blade Element Performance, Slotted 
Rotor 4 ,  Slotted Stator 4 (Gontiniiedj 

IZXCNT g U I V M T  DESIGN SPElED E, 6 

INLET 
PCT SPAN 
O lA  

STATION C dETA 0 
STATIJN I BtTA 1 

v 0 
v 1 
VL 0 

91.17 
33.590 

0.000 
0. LOC 

296.4C 
329.37 
290.40 
329.37 

J.00 
u. 0 0  

0.2074 
C.2970 

3.0 
J.0 
-5.111 
I. o u 0 0  
b .000 l  
-G. J o b  
14.694 
14.094 

21  b. 700  
51d.700 

8.71 
4C. 5 0 0  

0.000 
0.000 

246.40 
314.66 
296.40 
314.58 

0. OC 
0.00 

0.2674 
0.2841 

0.0 
0.0 
-0.062 
1.0000 
0.0001 
-0.COO 
14.694 
14.694 

5 1  8.70C 
5 1  8.70C 

10.01 
39.752 

0. CCO 
45.260 
>8.831 
38.440 
314.66 
402.41 
314. 58  
283.15 

0.00 
285.73 

607.9 
361.7 

-52C.l 
-224.7 
520.C7 
510.47 
0.2841 
0.3569 
0.5489 
0.32C8 
20.407 
0.2433 
0.0897 
0.6243 
0.7259 
0.7215 

-13.065 
14.368 
14.694 
16.465 

51d.700 
542.40U 

PCT SPAN 
OIA 
BETA 0 
BETA 1 
v 0 
v 1 
VZ 0 
VZ 1 
V-THETA 0 
V-THETA I 
n D 
n 1 
TURN 
UUBAR 
OFAC 
EFFP . 
I NCI 0 
OEVW 

P 0 
P 1 
T 0 
T 1 

VL 1 
V-IHE 1A 
V-THETA 1 
H 0 
@I I 
TW,h 
UMAK 
OFAC 
tFFP 
INC It) 
L) EVH 
P C 
P I 
T 0 
T 1 

SLOTTED 
nuT:d 4 PC1 SP4a 

D l A  
j l%l Ld'i I UtTA I 
5 1 A 1  11;11 i UElA L 

3 t T A I V l O  1 
o i T A ( P h )  L 
v 1 
v 2 

s;.oc 
33.617 
U. 0 3 0  

> I .  530 
52.035 
15.353 
329.37 
434.44 
229.37 
LS>.d l  

6.00 
353.52 

>42.7 
2 96.4 

-431.3 
-75.4 

+31.34 
431.66 
0.2976 
C.4344 
(i.4904 
C.2037 
37.301 
0.3236 
u. 1243  
0.7133 
U. 7388 
3.7345 
-3.5 d 5  
1 b. 6 3 3  
14.694 
I b .  s 2 0  

213.709 
>4L.735 

PCT SPAN 
O l A  
BETA 1 
BETA 2 
8ETAIPR) 1 
BETA(PRI 2 
v 1 
v 2 
VZ 1 
vz  2 
V-THETA 1 
V-THETA 2 
VIPR) 1 
V IPRI  2 
VTHErA PR1 
VTHETA PRZ 

V-THETA 2 
V ( P n l  I 
V(P6) 2 
J l H t T *  ? . < I  
' V T H k T A  P r ( L  
u 1 
U 2 
Y 1  
i) 2 
Y I P A I  I 
Y(?.? l  L 

l U ~ f l l Y 6  1 
i lUJPii 

H I P R I  Z 
TURNIPRI 
UUBAR 
LCSS PARA 
DFAC 
EFF P 
EFF 
I h S I O  
DEVH 

SIDl-rED 
STCTUd 4 PCT SPA* 

J l  h 
\ l A T I t , v  2 JEJA 2 
STnTld l r  L A  0 tTA  LA 

V L 
V 2A 
VL 2 
v i  LA 
V-Tt i t rA 2 
V-THkTA 24 
M 2 
M 2A 
TUI(N1PK I 
UUdAl: 
L0SS PAAA 
OFAC 
EFFP 
INC I D  
DtVH 
p 2 1  
P ZA 
I r' 
T za 

94.96 .j0.34 
,3.LlU 33.54C 
>J.JbJ 5l.DJO 

>. 71C 7.4du 
461.4: 454.44 
3 $ 9  -420.42 
3 18 2d5.81 
535.22 31!1.1io 
J o l . d 7  3>J.32 

33.32 30.60 
u.4287 <).40'++ 
u.L'J72 3.2828, 
48.17C 45.550 
0.1321 0.1278 
0.0542 0.0529 
d. tU46 U.59lC 
il. J I J 4  3.Pi76 

0.37G -U.3*0 
LL.19C 21.C7J 
16,820 16.700 
1b.34a ~ b . 4 5 2  

544.ild0 512.735 
544. Lia0 5+2* 735 

PCT SPAN 
0 1  A 
B t T A  2 
BETA 2A 
v Z 
V 2A 
VZ Z 
VZ 2 4  
V-THETA 2 
V-THETA ZA 
n z 

W 2 A  
TURNlPRI 
UUBAR 
L C S S  PARA 
OFAC 
EFFP 
I N C I D  
OEVM 

p 2 1  
P 2.4 
1 2  
1 2 8  



Table 93-2, Blade Element PerIormanee, Slotted 
Rotor 4, Slotted Stator 4 (Continu&) 

CORKECTEQ 

I N L E T  
PCT SPAN 
0 l A  

S T A T I u t d  0 8 k T A  O 
S T A T I O N  I BETA 1 

v 0 
v 1 
V L '  0 
VL I 
V-THETA 0 
V-THtTA I 
H 0 
n 1 
13KN 
UUJAR 
UFAC 
t F F P  
I N C I O  
O t V H  
P 0 
P I 
1 0 

P C 1  SPAN 
D l A  
BETA 0 
BETA 1 
v 0 
V 1 
VZ 0 
VZ I 
V-THETA 0 
V-THETA 1 
R 0 
R 1 
TURN 
UUBAR 
OFAC 
E F F P  
I K I D  
DEVH 

P 0 
P 1 
T O  
T I  T I  

SLOTTED 
HLTOA 4 PCT SPA%\ 

O I A  
S T A l I . l l i  1 oETA 1 
S l  A T I D H  2 3 E T 4  Z 

bETA(PI1  I 1 
J i T A l r ' O  2 
v 1 
v 2 
v z  1 
VL 2 
v - T t ' i l A  I 
V-THtTA 2 
V I P R J  1 
V I P h J  2 
VTclFTZ P K 1  
V T H t T n  P..2 
U 1 
U 2 
Y 1  
T Y  2 
KlIPH J 1 
W l P K J  2 
TUnNlPo< J 
UU0AY 
L O S S  PAkA 
OF AL 
t F F P  
CFF 
lNC I 0  
u t v n  
P 1 
P 2 
T 1 
T L 

P C 1  SPAN 
D I A  
BETA 1 
BETA 2 
B E T A I P R )  1 
B E T A I P R )  2 
v 1 
v 2 
VZ 1 
v z  2 
V-THETA 1 
V-THETA 2 
V I P R )  I 
V I P R I  2 
VTHETA P R I  
VTHETA P R 2  
U 1 
b 2 
11 1 
t4 2 
M I P R J  1 
U I P R I  2 
T U R N I P R I  
UU8AR 
LCSS PARA 
DFAC 
E F F P  
EFF 
I N C l D  
OEVM 

P 1 
P 2 
T 1 
T 2 1  

S L m  
~ T A l 0 n  4 PCT SI'dN 

orn 
S i A T I J l \  c a t T A  2 
S T 4 T I a ~ l  Z A  d t ~ n  2~ 

v 2 
v 2A 
v 2  2 
VL 24 
v - T h t  r4 2 
V-THElA LA 
n 2 
n 2.4 
T U K N l P h  J 
UUaAR 
L O S S  VA&A 
0FAC 
EFFP 
LNC l U  
UE VW 
p 21 
P LA 
1 2  
i t d  

PCT SPAN 
0 t h  
BETA 2 
BETA Z A  
v 2 
V 2 A  
VL 2 
VZ 2 A  
V-THETA 2 
V-THETA 2 A  
n 2 

n Z A  
T U R N I P R I  
UUBAR 
L C S S  PARA 
OFAC 
EFF P 
i h C 1 0  
o tvn  



Table B-2, Blade Element Performance, Slotted 
Rotor 4,  Slotted Stator 4 (Continued) 

PERCENT EQUIVALENT DESION SPEEE * : CORRECT t o  d E I G H T  FLOW = 68.3'  3 PRESS URE R A T I O  = 

I k L E T  
PCT SPUN 
O I A  

S T A T I O N  C $ETA C 
S T A T I J Y  1 BETA I 

V 0 

P C 1  SPAN 
O I A  
BETA 0 
BETA 1 
v 0 
v 1 
VZ 0 
VZ 1 
V-THETA 0 
V-THETA 1 
N 0 
N 1 
TURN 
UUBAR 
OFAC 
E F F  P 
l NCI 0 
DEVH 

P 0 
P 1 
T 0 
1 1  

vz  1 
V-THE I A  2 
V-THtTA I 
M 0 
M I 
TURN 
b u o A <  
D F 4 L  
EFFP 
I h C I 0  
U t V H  
P c 
P 1 
T 0 
T 1 

SLOTPED 
X C T  ' A  4 PCT b P A L  

U l A  
5 1  I T 1  Jk I dkTA 1 
ST $ 1  IJN 2 oETA L 

b t T u l ? K l  I 
? E I A ( P t  I 2 
v 1 
v 2 

PCT SPAN 
0 1 A  

0. COO 
54.540 
63 .338 

BETA 1 
BETA 2 
8 E T A I P R I  1 
B E T A I P R I  2 
v 1 
v 2 
VZ 1 
vz  2 
V-THETA 1 
V-THETA 2 
V I P R I  1 
V I P R I  2 
VTHETA P R 1  
VTHETA PRL 
U 1 
U 2 
n 1 
H 2 
M I P R I  1 
M I P R )  2 
T U R N I P R I  
UUBAR 
LCSS PARA 
OFAC 
E F F P  
EFF 
l K I 0  
DEVH 

P I 
P 2 
T I  
T 2 1  

vz  1 
v z  2 
V-THETA 1 

I F F  
IldL I d  
UEVH 
P I 

SLOTTED 
S I A T L ~  4 PCT S P A . i  

O l b  
PCT SPAN 
O l A  
BETA 2 
BETA 2 A  
v 2 
V 2 A  
v z  2 
VL 2 A  
V-THETA 2 
V-THETA 2 A  
H 2 

M 2 A  
T U R N I P R I  
UUBAR 
LOSS PARA 
OFAC 
EFFP 
L N G 1 0  
0 E V P  
F 2 1  
P 2.4 
T 2 
T 2 b  

V-THt TP. A 
M 2 
H LA 
TUANI  PI. I 
UUdA?. 
L d S S  PARA 
0FAC 
EFFP 
I N C I I )  



Table $3-2, Blade Element Performm~ee,  Slotted 
Rodor 4,  Shotded Stator 4 (Ccntimed) 

m ) R  SPEED - ;URE R A T I O  = I  

PCT SPAN 
O I A  

S T A T I U N  C BETA 0 
D I A  
BETA 0 

S T A T I t l k  1 BETA 1 
V 0 

8 E T A  I 
v 0 
v 1 
VZ 0 
vz 1 
V-THETA 0 
V-THETA I 

v 1 
V L  9 
VZ 1 
V-THETA 0 
V-THETA 1 
n 0 
n l 
TURN 
UUdAH 
0FAC 
E F F P  
I N C I 0  
OEVM 
P 0 
P 1 
1 C 

R 0 
n 1 
TURN 
UUBAR 
OFAC 
EFF P 
l N C I D  
OEVR 

P 0 
P 1 

T 1 
s m m  
h l T h , <  4 P i 1  SPA?l 

U I A  
I .  I >ETA I 

P C 1  SPAN 
D I A  
BETA 1 
BETA 2 
B E T A l P R I  1 
B E T A l P R I  Z 
v 1 
v 2 
VZ 1 
v z  2 
V-THETA 1 
V-THETA 2 
V I P R I  1 
V I P R I  2 

s l n r i , . r  i . I ~ T A  ; 
L l i T A I i ' d )  I 
d t T A I P i )  2 
v 1 
v 2 
VL 1 
VL 2 
V-THC TA 1 
V - T H E l h  2 
V I P A )  1 
V I P K I  2 
VTHETA V a l  
VTHETA r - ~  
U 1 
u 2 
N 1 
ti 2 
M l P h l  1 
Y I P R )  i 
TURNIPR 1 
I!".in- 
L L S S  i . : n . a  

l t a L  

VTHETA P R 1  
VTHETA PRZ 
U 1 
U Z 
M 1 
M 2 
R I P R I  I 
M I P R )  2 
T U R N I P R I  
UUBAR 
LCSS PARA 
OFAC 
E F F P  
EFF 
l K I D  
OEVM 

P 1 
P 2 
T 1 
i 2 1  

I l i C I d  
OEVH 
? I 
P Z 
T 1 
1 2 

SLI3l'rED 
STPT i h  4 P C 1  St'&,\ 

O I A  
i T n r l ' ! . u  ; e t ~ b  ; 
5 1 A T i ' J N  LA HETA LA 

PCT SPAN 
D l A  
a E l A  2 
BETA 2 A  
v 2 
V 2 A  
v z  2 VL ? 

VL LA 
V-THETA 2 

V 2  2 A  
V-THETA 2 
V-THETA 2 A  
n 2 

H 2 A  * 2A 
T U K Y l P k )  
UUt3AR 
LOSS PA9A 
DFAC 
EFFP 
I N C l G  
DEV* 
P 2, 
P 2P  
1 L 
1 ih 

TURNIPR)  
UUBAR 
LGSS PARA 
OF AC 
EFF P 



Table B-2, Blade Elemevlt Performance, Slotted 
Rotor 4,  Slotted Stator 4 (Continued) 

PERCJ3NT F A U I V ~ T  DESIGN SPEED - 99.02 WUIVdLE2PP iiDTOR SPEED .r 4194.00 CORHtC1 E0 WEIGHT FLOk = i l l .  I1 PRESSURE RATIO mi.1943 

IhLET 
PCT SPAN 
0 1A 

STUTIObi 0 dETA 0 
STATION I aETA I 

v 3 
v 1 
VZ 0 
vz  I 
V-THETA 0 
V-THETA 1 
n o 
n 1 
TURN 
UU8AR 
OFAC 
EFFP 
INC I 0  
o t  vn 
P 0 
P 1 
T U 
T I 

SLOTTED 
H O T L A  4 PC1 SPA& 

0 l A  
STATIC% 1 B t  TA 1 
S T ~ l l j h  i GtT4  L 

dETA lPh)  1 
dETAIPd1 L 
v I 
V 2 
vz  1 
V l  2 
V-THETA I 
V-THETA 2 
V IP* )  1 
V I P K I  L 
v r H t T n  P . ~ I  
VThiTA P K i  
U 1 
U 2 
M 1 
M 2  
?4 lPh l  1 
H I P R I  2 
TUKIU I Pn 1 
UUMAR 
L O S S  PARA 
OFAb 
EFFP 
EFF 
l N C l 0  
uEvn  
P I 
P 2 
T 1 
T 2 

91.17 
33.590 

0.000 
0.000 

+35.84 
498.28 
435. b 4  
490.28 

0.00 
0.00 

0. 3965 
0.4555 

6.0 
0. C 
-0.143 
I. OUOC 
0.0001 
-0.000 
14.694 
14.694 

5 ld .700  
518.730 

PCT SPAN 
D I A  
BETA 0 
BETA 1 
v 0 

V l  1 
V-THETA 0 
V-THETA 1 
n 0 
n 1 
TURN 
UUBAR 
OFAC 
EFFP 
I NCI 0 
DEVM 

P 0 
P I 
T 0 
T 1 

PCT SPAN 
D I A  
BETA I 
BETA 2 
8ETAIPR) 1 
BETAIPR) 2 
v 1 
v 2 
v z  1 
VZ L 
V-THETA 1 
V-THETA 2 
VIPR) 1 
VIPRI  2 
V rH tTA PRI  
VTHETA PR2 
U I 
U 2 
n 1 
n 2 
H IPRI  1 
MIPR) 2 
TURNIPRI 
UUBAK 
LOSS PARA 
OFAC 
EFFP 
EFF 
l N c l 0  
DEVH 

P 1 
P 2 
T I 
1 2 1  

PC1 SPAN 
O l A  
BETA 2 
BETA L A  

ST.ZTcin 4 PCT S P ~ I ~  
018  

S T A 1 l ~ l i . 1  2 BETA 2 
STATlJI .  i A  b t T 4  2A 

V 2 
V 2A 
vz  2 
VL LA 
V-THE TA Z 
V-THtTA LA 

V l  2 
VZ 2A 
V-THETA 2 1 
V-THETA ZA 
M 2 

M 2A 
TUIN IPRI  
UUBAR 

H 2 
M 2A 
TU&k lP& I 
UbBAR 
L O S S  PA&& LLSS PARA 

OFAC OFAC 
EFFP EFFP 

I K I O  
o t v n  





Table B-2, Blade Elei-rielit Performance, Slotted 
Rotor 4,  Slotted Stator 4 (Continued) 

. i iEXT EQUIVALDT DESIGN SPEED ' 1 O( .OW = 1 0 3 . 6 6  PKESSUF <E R A T I O  

I h L t T  
PCT SPAU 
O l A  

~ ~ A T I L ' I  C B E l A  0 
S T A r I ? N  1 8ETA 1 

v 0 
v 1 
v z  0 
VL 1 
V-THtTA 0 
V-THETA 1 
Y C  
n 1 
TURN 
UUtlAK 
uFAL 
EFFP 
I N C  10 
a t v n  
P 0 
P I 
T 0 
I 1  

SLOTTED 
k u T i  i 4 PCT SPAh 

0 I A  
i T l i T l I \  1 b t T A 1  
~ T l l  l '< 2 b L T A  L 

dETA1P.I)  1 
a E T A 1 P n l  2 
v  1 
V 2 
V L  I 
V L  : 
V-THtTA I 
V-THETA 2 
V i P K I  1 
v l p n )  2 
V T H t T A  P k l  

PCT SPAN 
D I A  
BETA 0 
BETA 1 
v 0 
v 1 
VZ 0 
V L  1 
V-THETA 0 
V-THETA 1 
n o 
n 1 
TURN 
UUBAR 
DFAC 
E F F P  
I N C l D  

PCT SPAN 
D I A  
BETA 1 
BETA 2 
B E T A ( P R 1  1 
B E T A I P R )  2 
v 1 
v 2 

V-THETA 1 
V-THETA 2 
V I P R I  V I P R I  2 1 

VTHETA PRL 
VTHETA PRZ 
U 1 
U 2 
n 1 
H 2 
M(PR1 1 
H ( P R I  2 
TURNIPR)  
UUBAR 
LCSS PARA 
DFAC 
E F F P  
EFF 
I N C l D  

VTHCTA Prr2 
U 1 

L J S S  PAHA 
UFAC 
EFFP 
t F F  
1:rC lii 

DEVH 
P 1 
P 2 

SLOTTED 
1 I , 4 PCT S,'AhI 

01 A 
S T l l i , r i  i , i t T A  2 
b T h I I  2A & E T A  LA 

v 2 
v 2 A  
VL L 

P C 1  SPAN 
O l A  
BETA 2 

VL 2A 
V-THETA 2 V-THETA 2 

V-THETA Z A  
H 2 

V- T t t t  TA LA 
N 2 
'4 2A 
T U d N I P K )  
UUUAR 
L U S S  P A K A  
UFAC 
Ef-FP 
I \ ' ( C I U  
O t b N  

UUBAR 
LCSS PARA 
DFAC 
EFFP 
l N C I 0  
OkVN 

P 2 1  
P L B  



Table B-2, Blade Elenlent Performmee, Slotted 
Rotor 4,  Slotted Stator 4 (Continued) 

'OR SPEB) - JRE R A T I O  a 

lWL € 1  
P C 1  SPAY 
0 1A 

S T A T 1  I t<  C META 0 
\ T A T I I I Y  1 8 t T A  1 

v 0 
v I 
vz i, 
VZ 1 
V-THE TA 0 
V-THETA 1 
H 0 
H I 
TUHN 
UU8An 
0FAC 
EFFP 
I N C I O  
J E V H  
P 0 
P  1 
T 0 
T 1 

SIDTTED 
H Y  TI) '  4 P C 1  SPA1h 

0 1 4  
S T A T I J R  I META I 
ST$TI.:i.l 2 dETA L 

BETA1, 'KI 1 
8 E T A l Z h l  2 
v 1 
v 2 
V L  1 
V L  2 
V- THETA 1 
V-THt  TA 2 
V I P & )  1 
V I P < )  2 
~ T H L T A  P n l  
VTHETA P f i 2  
U 1 
U 2 
n 1 
H 2 
: l l P R l  I 
H I P n I  L 
T U R N I P K I  
UUJAK 
LLiSS PArlA 
DFAC 
EFFP 
E F F  
l N C l 0  
0 t V N  
P 1  
P 2 
T I 
T 2 

P C 1  SPAN 
01-4 
BETA 0 
BETA 1 
v 0 
V 1 
vz 0 
VZ 1 
V-THETA 0 
V-THETA 1 
H 0 
n 1 
TURN 
UUBAR 
DFAC 
E F F P  
r u r o  
DEVM 

P 0 
P 1 
T O  
T 1 

PCT SPAN 
01 A 
BETA 1 
BETA Z 
B E T A I P R I  1 
B E T A I P R I  2 
v 1 

v z  2 
v-THETA 1 
V-THETA 2 
V I P R I  1 
V I P R I  2 
VTHETA P R 1  
VTHETA PR2 
U 1 
U 2 
H 1 
H 2 
H I P R I  1 
M l P R I  Z 
TURNIPR)  
UUBAR 
LOSS PARA 
OFAC 
t F F  P 
E F F  
I N C l O  
OEVM 

P 1 
P 2 
T 1 
T 2 1  

SLOTTED 
T A T !  4 P C 1  SPAh 

0 l A  
S l T l  2 b t T A  2 
5 l i i T l ~ l h  LA BETA i A  

'4 2 
V 2A 
vz  2 
VZ 2A 
V-THE TA 2 
V-THETA LA 
n 2 
14 ZA 
TURN1 P A  I 
UUdAA 
L O S S  PAaA 
OFAC 
EFFP 
LEtC li) 
o E v n  

2 1  
P 2 A  
T b 
f Zb 

P C 1  SPAN 
0 1 A  
BETA 2 

, BETA 2 A  
v 2 
V 2 8  
V L  2 
V L  2 A  
V-THETA 2 
V- IHETA 2 A  
n 2 

n 2~ 
TURNIPR)  
UUBAR 
LGSS PARA 
DFAC 
E F F P  
I N C L O  
UtV61 

2 1  
P 2 8  
P 2 
T Z h  



Table $3-2, Blade Element Perfoformanee, Slotted 
Rotor 4 ,  Slotted Stator 4 (Contiilued) 

PERCENT EQOIVALD4T D S  

l N L  E T 

WEIGHT F L  35 PKESZ ,UKE R A T I O  : 

P C 1  SPAd 
O l A  
6ETA C 
8ETA I 
v 0 
v 1 
VZ 0 
VL I 
V-THt  TA \I 
V-THETA 1 
H 0 
n 1 
T U X i  
UUBAR 
OFAC 
E F F P  
I N C 1 3  
Ot VH 
P C 
2 1 
r 0 
1 1  

PCT SPAN 
D l  A 
BETA 0 
BETA 1 
v 0 
v 1 
v z  0 
VZ I 
V-THETA 0 
V-THETA 1 
U 0 
n 1 
I U R N  
UUBAR 
DFAC 
E F F P  
I N C L O  
DEVU 

P 0 
P 1 
T O  
T I 

S T . \ I I J t V  0 
STAT I ~ i h  I 

0.000 
0. COO 

3 6 5 . 1 9  
3 1 2 . 0 5  
3 6 5 . 1 9  

0.0 
0.0 
-0.01Y 
1 . 0 0 0 7  
0 . 0 0 0 1  
-C.OOO 
1 4 . 6 9 4  
1 4 , 6 9 4  

518. TOO 
5 1  d.  7 0 0  

SLOTTED 
K G T I  ,: 4 P C 7  SPA& 

0 1 4  
dETA 1 
flETA i 
d E T A l P n 1  1 
U t T a l P n I  2 
V 1 
V L 
V L  I 
v 1  2 
V - T H E T i  1 
V-THE T I  L 
V ( P & I  I 
V I P I O  i 
VTWETA ? n l  
VTHcTA P k 2  
U I 
U 2 
M 1 
n 2 
M ( P A 1  1 
> l ( l ' l o  2 
T U ~ N  I Ph ) 
UUdAR 
LOSS PbKA 
3 t A C  
EFFP 
t F F  
l h C l U  
0EVM 
P I 
P 2 
r 1 
T L 

PCT SPAN 
O l A  
BETA 1 
BETA 2 
B E T A t P R J  1 
B E T A I P R I  2 
v 1 
v 2 
VZ 1 
VZ 2 
V-THETA 1 
V-THETA 2 
V I P R I  1 
V I P H )  2 
VTUETA P R 1  
VTHETA PR2 
U 1 
U 2 
n 1 
H 2 
H I P R I  1 
H I P R I  2 
TURNIPR)  
UUBAR 
LOSS PARA 
OFAC 
E F F P  
EFF 
I K I D  
OEVH 
P 1 
P 2 
T I 
T 2 1  

r C T  S P A , v  
d l &  
d E T A  i 
8 t T A  2u 
V L 
V 2A 
VL 2 
VL 2A 
v - T H t  TA 2 
V-THtTA .'A 
M 2 
n rn  
T U S h (  P*  I 
UUSAR 
LOSS PAkL 
Ol-AC 
EFFP 
I N C l 0  
OEVN 

p 21 
P 2A 
T 2 
T L A  

PCT SPAN 
0 1 A  
BETA 2 
BETA 2 A  
V 2 
v Z A  
VZ 2 
VZ 2 A  
V-THETA 2 

LCSS PAAA 
OFAC 
t f F P  
l K l D  
OEVH 

P 2, 
P 2 A  
r 2 
1 2 b  



Table B-2, Blade Elemeat Performanee, Slotted 
Rotor 4 ,  STottd Stator 4 (Continued) 

PERCENT r n U I V r n T  DEilOW SEED * 9' CORRECTED WEIGHT FL .OW = 93.59 PRESSUQ 

I 9 L t T  
PCT APAN 
0 l A  

S T A l l ) b O  BETA C 
STATIUN 1 BETA 1 

v 0 
v 1 
vz  0 
VZ 1 
V-THETA 0 
V-THETA 1 
M 0 
M 1 
TURk 
UUBAN 
Dl- AC 
EFFP 
lNC10 
o t v n  
P 0 
t' 1 
T O  
T 1 

S ~ ~ E D  
*LTr*  4 PCT SPAh 

OlA 
I I YETA 1 
SIATL~Jh 2 6ETA 2 

Y t T 4 l P h l  I 
MtTAlPIO 2 
v 1 
v 1 
VL 1 
VL 2 
V-THETA I 
V-THtTA 1 
v I?611 1 
VIP&) L 

VTHETA PA1 
VTHtTA Ph2 
0 1  
U 2 
H 1 
!4 L 
+I I ZK I 
MIPKI r 
T l l r ( N I b ~ 1  
0UdArt 
LJSS PACA 
0FAC 
tCFP 
t F t  
INCI0 
OtVH 
P 1 
P 2 
T I 
T 2 

3.34 PC1 SPAN 
40.950 OIA 

0.000 BETA 0 
0.000 BETA 1 

357.64 V 0 
331.09 V 1  
357.64 V Z  0 

33.590 
0.000 
0. COO 

357.64 
404.50 
357.64 
404.56 

0.00 
3.00 

0.3237 
3.3672 

0.0 
U.O 
-0.131 
0.9999 
0.0001 
-0.000 
14.694 
14.094 

331.07 VZ 1 
0.00 V-THETA 0 
0.00 V-THETA 1 

0.3237 M 0 
0.2992 11 1 

0.0 IURN 
0.0 UUBAR 

0.074 OFAC 
1.0001 EFFP 
0.0001 l W l D  
-0.000 OEVH 
14.6% P 0 
14.694 P 1 

518.700 1 0 
518.700 7 1 

5.02 PCT SPAN 
40.135 OIA 

0.000 8ElA 1 
76.740 BETA 2 
66.129 8ETAtPR) 1 
62.193 BETAIPRI 2 
331.09 V 1 
520.69 V 2 
331.07 VZ 1 
119.43 VZ 2 

0.00 V-THETA 1 
506.79 V-THETA 2 

818.1 VIPR) 1 
255.1 VIPR) 2 

-748.1 VTHETA PRI  
-226.4 VTHETA PR2 
748.12 U l  
733.24 U 2 

0.6122 UUBAR 
0.1358 LOSS PARA 
0.9786 OFAC 
C.5764 EFFP 
0.5650 EFF 
-7.722 l h C I D  
43.525 OEVM 

SIUTTED 
ST-TJn 4 PLT SPA,\  

U I A  
SIaT1.A i b t l A  I 
STAT 1 t l U  i a  dtTA LA 

v 2 
V LA 
V I  2 
VZ 2A 
V-THtTA 2 
V-THtlA LA 
M L 
H 2A 
TUdNIPRI 
UUJAR 
LUSS PAdA 
OFAC 
EFFP 
INClD 
OEVU 
P 21 
P 2 A  
T L 
T b A  

4.76 PCT SPAN 
3'3.650 DIA 
76.740 BETA 2 

3.200 BETA 2A 
520.69 V 2 
349.03 V 2A 
119.43 V Z Z  
348.49 V Z 2 A  
506.79 V-THETA 2 

19.48 V-THETA 2 4  
0.4543 U 2 

. - 
0.0926 LOSS PARA 

0.7933 OFAC 
1.0151 EFFP 
20.930 INCID 
19.150 OEVU 
18.375 P 2 1  
17.746 P 2W 



Table B-2, Blade Element Performance, Slotted 
Rotor 4,  Slotted Stator 4 (Concluded) 

CCRKECTEO URE RATIO =1.2201 

INLET 
PCT SPAN 
OIA 

STAT 10k 0 BETA C 
ST41 l0EI 1 BETA 1 

v 0 
v 1 

PC1 SPAN 
o r A  
BETA 0 

33.590 
0. OOC 
0. COO 

742.55 
417.51 
342.55 
417.51 

0.00 
0.00 

0.3098 
0.3793 

0.0 
0.0 
-0.219 
0.9999 
3 .  OUO1 
-0.000 
14.694 
14.694 

51d.70C 
518.700 

VZ 1 
V-THETA 0 
V-THETA I 

V-THtTA 2 
V-THETA 1 
H 0 
H 1 
TURN 
UUHAR 
UFAC 
EFFP 
l N C l 0  
D€VH 
P 0 
P 1 
T C 
T l  

SLOTPEL 
HilTClh 4 PCT SPAR 

TURN 
UUBAR 
OFAC 
EFF P 
I N C I D  
DEVn 

P 0 
P I 
1 0  
T 1 

5.02 PCT SPAN 
40.135 O I A  

0.000 BETA 1 
70.900 BETA 2 
64.435 BETAIPRI 1 

U l A  
> l A T l ~ h  1 RETA 1 
STATLCIU r DETA 2 

b E T A I P h I  1 
JETAIPKI  2 
v 1 

BETA(PR) 2 
v 1 
v 2 
VZ 1 
VZ 2 
V-THETA 1 
V-THETA 2 
VIPR) 1 
V(PR) 2 
VTHETA PR1 
VTHETA PRZ 
U 1 

V-THETA I 
V-THtTA 2 
V(Pt7I 1 
V(PRI 2 
VTHETA P V l  
VTHETA PA: 
U 1 

0.4653 H 2 
0.7482 H t P R I  1 
0.2504 H(PR) 2 
11.905 TURNtPRI 
0.5580 UUBAR 

!4(Picl 1 
TUHN(Pk I 
UU6AR 
LJSS PA64 
LJF AC 
EFFP 
EFF 
1NCID 
UEVM 
P 1 
P 2 
T 1 
T 2 

0.1613 LOSS PARA 
0.9397 OFAC 
0.6155 EFFP 
0.6045 EFF 
-9.416 I K I D  
33.879 DEVM 
14.694 P 1 

PC1 SPAN 
0 1  A 
BETA 2 
BETA 2A 
v 2 
V 2A 
v z  2 
vz 2.4 
V-THETA 2 
V-THETA 2A  
# 2 

M 2A 
TURN(PR1 
UU8AR 

V-THETA 2 
V- IHETA 2A 
M 2 
H 2A 
TUKN(PA1 
(IUBAR 
LOSS PAKA 
OFAC 
t F F B  
INCID  

0;0906, L O S S  PARA 
0.7454 OFAC 
0.9183 EFFP 
15,086 I K I O  
20.400 OEVM 



'%_'&let B-3, Blade Element Performmee, Sbotted Rotor 4 ,  
Slotted Stator 4 With Vortex Generators Ahead 
of Rotor 

I,\L E r 
PLT SPA3 
U l A  

srdl I I V  L U ~ T A  L 
STATIb8 1 BETA 1 

v 0 
v I 
VL 0 
VL I 
V-THtTA 0 
V-THETA 1 
M 0 
M 1 
TUdtu 
llUdAR 
uf ai 
Ei-FP 
ItuC II, 

3.34 PCT SPAN 
40.950 D l A  

0.000 BETA 0 
0.000 BETA 1 

348.79 V 0 
383.60 V I 
348.79 VZ 0 
383.58 V Z  1 

0.00 V-THETA 0 
0.00 V-THETA 1 

0.3155 N 0 
0.3477 H 1 

0.0 TURN 
0.0 UUBAR 
-0.100 DFAC 
0.99'38 EFFP 
0.0001 l N C l 0  
-0.000 OEVH 
14.694 P 0 
14.694 P 1 

518.700 T 0 
518.700 T 1 

Dtt'i4 
P 0 
P 1 
1 3  
T 1 

SUTTEE 
C1 TI:! 4 PC I SPAk 

0 l A  
>l . : l  l . ! i i  1 oETA I 
ST.:T I,'> i *ETA 2 

bL.TAlP<)  1 
oETA(Pk1 2 
v I 
v i 

5.02 PCT SPAN 
40.135 D I A  

0.000 BETA 1 
31.350 BETA 2 
53.677 BETAIPR) 1 
3Y.O*6 BkTAlPR) 2 
383.60 V 1 
421.81 V 2 
333.58 VZ I 
360.03 VZ 2 

0.00 V-THETA 1 
219.33 V-THETA 2 

647.6 V IPRI  1 
463.8 V I P R I 2  

-521.7 VTHETA PR1 
-292.0 VTHETA PRZ 
521.74 U 1 

VL 1 
VZ L 
V-THETA I 
V-THETA 2 
V I P K I  1 
VIPR) 2 
rTHETd P.<1 
VTHcTA r . t ~  
U 1 
U 2 
M 1 
,Js 2 
'1IPio 1 
" IPR)  L 
TURhlPH) 
UU04g 
LOSS PA,<A 
b k A i  
L t t ?  
t F F  
I k L  I v  
0 E V l  
P 1 

651.7 
489.6 

-516.0 
-283.6 
516.C1 
506.48 
0.3612 
0.4095 
0.5914 
0.4386 
16.952 
0.2257 
0.0866 
0.4083 
0.6579 
0.65*2 

-19,541 
16.347 
14.694 
15.847 

5 1  8. 70C 
536. COO 

0.3768 U 2 
0.5870 M lPRI  1 
0.4143 N I P R I  2 
14.651 TURNIPRl 
0.2964 UUBAR 
0.1094 LOSS PARA 
5.4432 OFAC 
0.5084 EFFP 
0.5042 EFF 

-20.174 I K I O  
20.375 DEVN 
14.694 P 1 
15.598 P 2 

518.700 T 1 
536.400 T 2 1  

SU'nhTL?) 
STAl  i :  4 PCT >PA,i 

J l n  
5T . r  1,ih 2 bkTA L 

SILII \ L L  dLT.4 LA 
V 2 
V 2 1  
VL 2 
VL 2l 
b'-THtTA L 
V-THtTA 24 
r. 2 
M 2A 
TUhY I PK) 
ULbAh 
LOSS PAhA 
DF AC 
t F F P  
INC I 0  
0EVM 
P 2, 
P L A  
I Z 
T 2A 

4.76 PCT SPAN 
39.650 D I A  
31.350 UETA 2 

7.560 BETA 2A 
421.81 V 2 
377.89 V 2A 
360.03 VZ 2 
374.60 VL 2A 
219.33 V-THETA 2 

49.72 V-THETA 2A 
0.376d n 2 
0.3366 M 2A 
23.770 TUHNIPRI 
0.1886 UUBAR 
0.0920 LCSS PARA 

s11.9t 
33,'IC 
S1 .77 i  

0 .  J Y C  
501. J 2  
451.64 
573.67 
-40.21 
3 3 3 . 7  5 

bY.du 
C.44E6 

0.3039 OFAC 
0.0975 EFFP 

-24.469 INCIO 
23.510 DEVM 
15.600 P 2 s  15.650 

1 5 . 4 5 8  
5 3 6 .  C O O  



Table B-3, Blade Element Performalee,  Slotted Rotor 4 ,  
Slotted Stator 4 With Vortex Generatfirs Ahead 
of Rotor (Continued) 

5b.SC 31.17 
32.11C 33.590 

L.COI: 0.0UC 
0.ci:c C.UU0 

521.42 5Lb.42 
307.20 309.63 
32u.-+2 520.42 
307.23 36'1.65 

1'. SC 0.00 
d e b 0  6.bb 

0.2949 0.2549 
0 . 3  2.3348 

\I. L U.C 
! .C ri. 3 

-J. I 2 5  -0.132 
l . ' J ~ u i  I. 0 0 C l  
J. ir631 U.0001 
- i . d O C  -G.a0C 
1 .  I/t.0.,4 
14.694 14.054 

51.3. 70C >16.700 
f l::.70C 916.7LO 

P C 1  SPAN 
D I A  
BETA 0 
BETA 1 
v 0 

S1 AT1 Ih 1 dETA 1 
v 0 
v 1 
'.'Z 0 
VZ 1 
V-THL TA 5 
V- IYETA 1 
14 0 
M 1 
TUnlv 
UUJAR 
I )FAL 
LFFP 
I h C  lu 

VZ 1 
V-THETA 0 
V-THETA 1 
11 0 
# 1 
TURN 
UUBPR 
OFAC 
E F F P  
I M I D  
OEVH 

P 0 
P 1 
T O  
T I 

5.02 PCT SPAN 
40.135 D I A  

0.000 BETA 1 
BETA 2 
B E T A I P R I  1 
B E T A I P R I  2 
v 1 
v 2 
VZ 1 
VZ 2 
V-THETA 1 
V-THETA 2 
V I P R I  1 
V I P R I  2 
V I H E T A  PRL 
VTHETA PR2 
U 1 

" t T C ( V i f  C 
v 1 
v 2 
v t  1 
VZ L 
V - I H C l u  L 
V - l i i c l u  2 
V I D T I  I 
V I P 6 1  i 
V l t l i T r .  1 . 1 1  
V I t ' F I u  P C i  
U 1 
0 L 
:: 1 
li 2 
,I . i?nl  i 
,4iPC I L 
l b ~ : . l ? , ~  I 
LibeAr( 
L : J j j  9 4 H 4  
>FAL 
cFI-P 
LCF 
1lrC 1 u 
JEVM 
P 1 
Z " 
r l 
r L 

U  2 
H 1 
H 2 
H l P R l  1 
H I P R I  2 
T U R N I P R I  
UUBAR 
L C S S  PARA 
OFAC 
E F F P  
E F F  
LkCIO 
OEVH 

P I 
P 2 
T  I 
T 2 1  

SLOTTED 
) t f * r . l i (  4 P C I  s t  A,, 

IJ I A 
511.1 l.'h i 6tT. I  2 
5 T Z 1  Lr : l  I &  dtTA LA 

v 2 
V 2A 
t' 2 
VL LA 
b-rhCTA ' 
V-Tht lA 14 
M 2 
M ?A 
TURN1 I'd I 
UUMAn 
L05S tJk-!A 
CkAL 
t F F P  
IMC It1 
OEVN 

P 21 
P 2 A  
1 2  
T 2 A  

09.0) 
3,.Jl5 
3't. + j L i  

4.230 
5 1 2 . 0 2  
413.78 
s22.27 
4 l L . b 7  
L U Y  .46 

30.39 
u.+bn+ 
3.3976 
3 0 . 2 4  

0.0831 
0.0359 
U.4124 
G.6197 

- I L . 7 5 5  
Lo. 1:u 
16,620 

1 6 , 4 4 5  
'i,+(ia i h i ,  

5#?0 . ' J O J  

4.76 P C 1  SPAN 
39.650 O I A  
39.500 B t T A  2 

6.800 BETA 2 4  
339.70 V 2 

V 2 A  
VZ 2 
VZ 2 A  
V-THETA 2 
V-THETA 2 A  
H 2 

M 2 A  
T b R N I P R l  
UUBAR 
LCSS P A R A  
OFAC 
E F F P  
i K 1 0  
u tvn  
P 21 
P 2 A  
I 2  
Y 2 b  





Talsbe B-3, Blade Elenlent Performance, Slotted Rotor 4, 
Slotted Stator 4 With Vortex Generators Ahead 
of Rotor (Continued) 

PE:tCENT EQUIVALENT DESIGN SPEED = t 3. .i 'i ZQUI'IACENT IMT0R SPEED - UEIGHT FL . U d  = 7 6 - 9 3  PRESSUt4E RATIO =1,1271 

7 1  .cu 
35.Lb0 

0.003 
0.000 

283.7.t 
325.12 
r a ~  .7r 
325.11 

0.JC 
0 .00 

0.200'. 
0 .2237 

3 .u 
0 .J 
- 0 . l L 0  
1 .no0 1 
u.uov1 
-(I. JOO 
14.694 
14.094 

518.700 
518.7UJ 

7 d . u i  
3 5 . 1 5 ~  
0.lOi.i 

39.2'Jo 
54.109 
19.713 
325.12 
4 9 l . t o  
325.11 
379.53 

0.00 
312.09 

552.4 
~CJ.,. 

-45.1.3 
-1 j5 .9  
45C.27 
441.61 
9 .2031  
G.4191 
c . 5 b l a  
C .  J > 4 Y  
34. 4hL 
C.l?4'1 l 
0.01C?2 
L . 5  1e3 
0.957J 
C . 9 2 6 ~  
-3 .531 
., . v 2 'J 

14.094 
1 7 . L l d  

51tt. 7ULl 
24 1. atzu 

4Y.Bb 
37.030 

b .  J U V  

0.0JU 
i t i n . 7 4  
324.1e 
LtJh.74 
324.10 

:1.>9 
U.Ju 

C .2604 
O.L i28  
: .i! 

3 .I> 

-'.. . 1 L > 
u .<!YY9 
C .000 1 
-0.C',>3 
1'1.63- 
I 4  . c9s  

51d.73(! 
510.700 

5C.'. 1 
36.664 

C.JLu 
3 . 3 . 2 d ~  
55.573 
24. 131  
324.14 
476.95 
224.10 
>7'1.2S 

5 .0(1 
-55.3U 

573.3 
412.- 

-412.9 
-172.5 
'1 / ? . n o  
4 t 1 ~ . 1 4  
0 . i i 2 0  
C .425:,  
u.517,  
i . - c  3 ~ 1  

3!%.79< 
c ."L'tY 
!, . '-39e 
C.5J j4  
,! .'i 7 5 3  

b . 3 7 , ~  
- 5 . I Z l  
b. 3 1'1 

1 ., .I> 'J .  
1 7.e: 5 7  

L 1<>.7,10 
Z',l.t 20 

2 9 - 2 4  
38.780 

0.000 
0.000 

288.74 
318.44 
288.74 
318.59 

0.00 
0.00 

0.2604 
0.2376 

0.0 
0.0 
-0.103 
0.99'19 
0.OC31 
-0.CO0 
14.694 
14.6'94 

518.700 
518.730 

30.C1 
> a . z i o  

0 .  C G C  
35.5hC 
27.247 
28. 520 
318.44 
461.45 
318.39 
355.4C 

C.J0 
294 - 6 4  

588.5 
'104.7 

-494.9 
-193.1 

13.72 8.71 3.34 PC1 SPAN 
40.030 40.500 40.950 OIA 

2.000 C.OOO 0.000 BETA 0 
C.OOG C.000 0.000 8ETA 1 

Ld8.74 288.74 288.74 V 0 
322.3d 311.84 304.89 V 1 
258.74 288.74 288.74 VL 0 
3L2.31 311.76 304.88 VZ 1 

J.OO 0.00 0.00 V-THETA 0 
0.00 0.00 0.00 V-THETA I 

c.2004 0.2604 0.2604 n o 
V-THLII~ I 
!' 0 
rt 1 
ruRr. 
U0dA.I 
UFAL 
t F F P  
I h C I U  
DtVM 
P 0 
P 1 
r L' 
T 1 

SLOTTED 
rc-1 l!* 4 P L I  s p a , .  

J l A  
I 1 1 b tTA  I 
I 1 I ! .  8 DkT& L 

f i t l A l l ' ~ ~ )  1 
> tTA lPL . )  ? 
v 1 
v 2 
VL I 
VL 2 
V-THt 11, I 
V-Tli t  1:. 2 
v ( P h )  1 
V I P n )  i 
V liii I n  2, 1 
VrHt  I'. C < . L  

U I 
U 2 
M 1 
M 2 
l%lPl,l 1 
r ( P n I  2 
TUK:I(PI< I 
!JUG All 
LI 'SS I'A, : 
U t U L  

t e  + P  
E F t  
IRCIO 
UtVM 
2 l 
P i 
T 1 
T L 

n I 
TURN 
UUBAR 
UFAC 
EFFP 
INCIO 
OEVN 

P 0 
P 1 
T 0 
T 1 

PCT SPAN 
D l  A 
BETA I 
BETA 2 
BETAIPR) 1 
BETAIPRI 2 
v 1 
v 2 
v z  I 
v z  2 
V-THETA I 
V-1HETA 2 
VIPR) 1 
VIPRI 2 
VTHtrA PR1 
VTHETA PR2 

5C.OL 
33.017 
I;. bLL' 

3L. S,C 
53.39C 
i 5 . + 5 >  
3;l. 9 4  
444. d i  
3L1.99 
L I I J . ~ ~  

C.LC 
329.92 

530.2 
7 c . i  

- 4 2  4.7 
-74.1 

425. 7L 
429.c4 

U 1 
u 2 
H 1 
n 2 
WIPRI 1 
i4IPR) 2 
1URNlPR) 
UUUAR 
LCSS PARA 
DFAC 
EFFP 
EFF 
I N C l D  
UEVM 

P 1 

SLOTTED 
S T  n i :  8 :  + r c l  S ? O \  

J I :. 
I I 2 OtTA . 
I I '  A 36rA LA 

V 2 
V 2A 
VL 2 
VL 2 A  
v- l r lL I l4  L 

V-1Ht lA  ' 6 ,  

H 2 
M 2A 
TUKRI Pn l 
JUBPx 
LUSb l ' r i m n  

UtAL 
t F F P  
lEiCI0 
GE\IN 
i' 2, 
P Lit 
I ' ?  
i 14 

PLT SPAN 
0 l A  
BETA 2 
8ETA ZA 
v 2 
V 2A 
v z  2 
VZ 2A 
V-THETA 2 
V-THETA 2A 
n 2 

H 26  
TURNIPRI 
UUBAR 
LCSS PARA 
OFAC 
t F F P  
I h C I 0  
DEVU 

P 2 1  
P 2 a  
I 2  
I Z t 5  



Tahle B-3, Blade Element Performance, Slotted Rotor 4,  
SloiitecT Stator 4 Witii Vortex Generators Ahead 
of Rotor (Continued) 

PGRCBT EQUIVdLEnT DESIGN S P m  - t 

I N L E T  
P C 1  SPUN 
01 A 

S I A T I U h  C BETA 0 
S T A T l \ l h  I  8ETA 1 

v C 
v 1  
V L  0 
vz 1 
V - I H t l A  0 
V-THETA 1 
H 0 
M 1  
TURN 
UUdAR 
CFAC 
E F F P  
I N C I 0  
OEVd 
P 3 
P 1 
T 0 
T 1  

SLOTTED 
hl Tui, 4 P C T  5P.W 

0 I A  
S T a T l r X  1 d t T A  1 
i T i F i . . 4  i BETA ; 

o F T n ( i J k )  1 
J i T A I F d )  L 

v 1 
v 2 
V L  1 
VL 2 
V-THETA i 
V-THtTA 2 
V i P R )  1 
V i P A )  L 
V T H t T d  PI< 1 
V T H t T A  ? \ 7  
L l l  
U 2 
M I 
$4 2 
M l ? K I  1 
1 I l P A )  2 
T U n $ r ( i r : % )  
UU"SY 
L U a 5  PAKA 
D F A i  
E f  FP 
EFF 
II';C I d  

O t V Y  
P 1 
P 2 
T I  
T ,' 

P C 1  SPAN 
D I A  
BETA 0 
BETA 1 
v 0 
v 1 
VZ 0 
VZ 1 
V-THETA 0 
V-THETA I 
n o 
n 
TURN 
UUBAR 
OFAC 
EFF P 
I N C I D  
DEVH 

P 0 
P 1 
T 0 
T 1 

P C 1  SPAN 
O l A  
BETA 1 
BETA 2 
B E T A I P R I  1 
B E T A I P R I  2 
V 1 

VZ 2 
V-THETA 1 
V-THETA 2 
V i P R l  1 
V ( P R I  2 
VTHETA PR1 
VTHETA PRZ 

11 1 
H 2 
I I i P R )  I 
M i P R )  2 
T U R N l P R l  
UUBAR 
LCSS PARA 
Of AC 
E F F P  
EFF 
I K I D  
o E v n  

P 1 
P 2 
T 1 
1 2 1  

P C 1  SPAN 
0 1  A 
BETA 2 
BETA .?A 
v 2 
V 2 A  
vz 2 
VZ Z A  
V-THETA 2 
V-THETA 2 4  
n 2 

M 2A 
TUKU(PR1 
UUBAR 
LOSS PARA 
DFAC 
E F F P  
I K I O  
DEVN 

P 2 1  
P 2 A  
I 2  
I z* 



Table B-3, Bide Element Perfiormance, Slotted Rotor 4,  
Slotted Stator 4 4Witl-r Vortex @izerat,tors Ahead 
of Rotor (Continued) 

PERCWT EQUIVALENT 

INLCT 

EQUIVALIXT %TOR SPEED 93  PRESS JJHE RATIO 11.1387 

PC7 5P4N 
LllA 
dETA C 
OETA 1 
v 0 
v 1 
v z  0 
vz 1 
V - T H C ~ A  2 
V-THETA 1 
H 0 
H I 
lURN 
UUdAK 
JFAC 
LFFP 
IldC I D  
CEVM 
P 0 
P 1 
T 0 
T 1 

4 9 - 8 0  
37.020 

0.0JJ 
0.000 

245.26 
270.48 
245.26 
2 70 .42 

3.00 
3.00 

2.2208 
0.i1(37 

11 .0 
J .,I 
-0.105 
C .I7999 
0 .0001  
-".GO0 
14.094 
14.0'+4 

51d.700 
518.700 

CJ.J l  
30.634 

9.CJO 
43.290 
b2.157 
24.717 
210.4b 
457.39 
270.-5 
552.34 

0 . J O  
313.>* 

5431.5 
360.6 

-471.4 
-153.2 
471.40 
460.75 
6.2437 
w.',uo+ 
u .4EY7 
0 . 3 2 6 1  
35.448 
t i . u o 3 0  
0 - 3 i 5 1  
ti. 5720 
ir  .'I Lo 7 
6 . ~ 2 5 1  
-1.137 

c.305 
14.094 
17.035 

510.7UU 
54 j .410  

PC1 SPAN 
D l A  
BETA 0 
BETA 1 
v 0 
v 1 
VZ 0 
VZ 1 
V-THETA 0 
V-THETA 1 
M 0 
H I 
TURN 
UU8AR 
OFAC 
EFFP 
I N C I D  
OEVH 

P 0 
P 1 
T 0 
T 1 

SLOTTED 
h I t - . .  4 PCT SPAN 

D I A  
PLT 5 P A k  95.01 
0 I ~ i  3 5 . 2 4 ,  
L t I A  1 J.2';c 
BElA  C' ?%.ibi 
c t T A I P h 1  I 5 7 . 1 ~ 4  
HETAIPPI  L L.vU+ 
V 1 271.00 
V 2 47s. ;- 
VZ 1 ~ 7 1 . r : ~  
VL 2 245.>> 
V-THL TI* 1 C . 1  C 
V-THt lA i 412.52 
V l P k l  1 5Cl .  4 
V (Pk1  , 245.5 
ViHEl,' ?;I -4z1.2 
VTHr Tn P ( 2  -12 .  I 
U 1 421.27 
U Z 4 2 2 . ~ 4  
H L ". i 4 ' ~ C  
X 2 .:. *LC1 7 
" l P 1 0  1 L.*51 c 

P . ~  I 2 J.i ' l t .3 
I U K ~ I P O ~ I  34.723 
ilL1oA14 L.276; 
L C S S  P " A 1  " . l l , * C  

U t  AC :.o34k 
i F F P  '9.0544 
L F F  0.1512 
INClL,  i. 7 ' -  
i ~ i  vr( 1 0 . ~ 1 ' ~  
P 1 14. uv4 
P L 1 f.C.#7 
r 1 'lcl.7vO 
T L 5 4 > . b > i  

10.01 
39.752 

C.006 
58.920 
63.956 
38.501 
251.89 
399.25 
251.82 
2C6.07 

0.00 
341.d7 

573 .6  
263.4 

-51Y.3 
-163.9 
515.30 
~ 0 5 . 7 8  
0.2268 
0.3533 
0.5164 
C.2331 
25.471 
0.3440 
0.1266 
0.81'38 
0.7618 
0.7573 
-7.940 
19.429 
14.654 
l o .  135 

518.700 
544.63C 

t3ETA 1 
BETA 2 
8ETAIPRI 1 
BETAIPRI 2 
v 1 
v 2 
VL 1 
VL 2 
V-THETA 1 
V-THETA 2 
V IPRI  1 
V IPRI  2 
VTHETA PR1 
VTHETA PRZ 
U 1 
U 2 
n 1 

HIPRI  2 
TURNIPR) 
UUBAR 
LCSS PARA 
UFAC 
EFF P 
EFF 
l h C l 0  
OEVW 

P 1 
P 2 
T I 
T 2 1  

PCT SPAN 
0 1  A 
BETA 2 

,BETA 2A 
v 2 
V 2A 
VL 2 
VL ZA 
V-THETA 2 
V-THETA 2A 
n 2 

P 2A 
TURNIPRI 

bUdAK 
LJSS P A q i  
OF AL 
EFFP 
I N C I 3  
3 t V l l  
I' L I  
P i A  
i i 
i LA 

0.1260 UUBAR 
0.0617 L C S S  PARA 
b.7329 OFAC 
0.7517 EFFP 

5.501 I K l O  
21.460 0EVW 
16.700 p 2 1  
I 6 . 5 3 b  P 2 b  

544.940 1 2 
' 44 , ' ) " r  1 2ZA 
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B-3. Blade Element Performance, Slotted Rotor 4 ,  
Slotted Stator 4 With Vortex Generators Ahead 
of Roto~*  (Co~tinued)  

PERCENT EQUIVALk%lT D E I G N  SPEEE - 1! 3-62 I EQUIV&EXT ROTOR SPEED - 4 1 5 2 . 0 0  C, lPQECTEO WEIGHT FLOM = 1 1 1 . 9 7  PPESSURE R A T I O  - 1 . 1 8 0 8  

I N L E T  
P C 1  SPAb 
O I A  

PCT SPAN 
01 A 
BETA 0 
BETA 1 
v 0 
v 1 
vz 0  
VZ 1 
V-THETA 0  
V-THETA 1 
n n 
W 1 
TURN 
UUBAR 
DFAC 
E F F P  
I N C I D  
DEVM 

P 0 
P  1 
T 0  
T  I 

BETA 0  
RETA 1  
v 0 
v 1 
vz 0  
VZ 1 
V-Tt lETA 0 
V-THETA 1 
K O 
3 1 
TURN 
UU8AX 
CFAC 
iCFP 
I N C I D  
OFVU 
P 0 
P 1 
T 0 
T 1 

P Z T  SPAN 
0 1 4  
BFTA 1  
I l F T l  7 
B E T C I P P  I 1 
F F T A l P q l  2 
v 1 
v  2 
V I  I 
VZ Z 
V-Tt iFTA 1  
V-T+iETh 2 
V ( P 2 1  1 
V ( P P 1  2 
VTt iFTb P i l l  
VTHETA D u 2  
\ I  1 
J 2 
Y 1  
Y 2  
M l P D l  1 
U(Pr41  2 
TURC("X1 
Ul l8AR 
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DFAC 
EFFP 
r F r  
I Y C  1.1 
n F v M  
2 1 
P 2 
T I 
T 2 

PCT SPAN 
0 1  A 
BETA 1 
BETA 2  
B E T A I P R I  1 
( IETAIPR)  2 
v 1 
v 2  
vz 1 
vz  2  
V-THETA 1 
V-THETA 2  
V I P R )  I 
V I P 9 1  2  
VTHETA P R 1  
VTPETA PR2 
U 1 
U 2  
Y 1  

2 
M I P R I  1 
H ( P Q I  2 
TURN(PR1 
UURAR 
LOSS PARA 
DFAC 
E F F P  
E FF 
I N C I D  
O t V H  

P 1 
P  2  
T  1  
T 2 1  

SLOTTED, 
S T h T  1 <  't P C T  S ? A ' :  

O I A  
B E T 4  ? 
+ETA 26 
V 7 
V 2A 
v z  2  
VZ 2A 
V-THETA 7 
V-THETA ?A 
H 2 
H 2 4  
TUAMI PP ) 
UURdR 
L O S S  P A K A  
DFAC 
E F F P  
I Y C  I 0  
O E V Y  

21 
P 2 A  
1 2  
F 2b 

PCT SPAN 
0 l A  
R E T I  2  
%ETA 2 A  
v  2  
V  2 A  
vz 2  
VL 2 A  
V-THETA 2  
V-THETA 2A 
r. 2 

Y 2A 
TURN I PR) 
UIJRAR 
LOSC PARA 
n F 4 C  
EFFP 
I N C I O  
0 E  VM 

P 2 1  
P i A  
I 2  
r ? A  





Table 33-3, Blade Elelnel~t Performmee, Slotted Rotor 4 ,  
Slotted Stator 4 With Vortex Getlerators Ahead 
of Rotor (Continued) 

c'LYCENT EQUIVALENT DESION SIT?SD 1 9 9 . 1 7  mUIV&mT FUTOR SPED 4 1 7 5 . 0 0  CORRECTED WEIGHT FLOW = 1 0 3 . 7 9  PRESSURE R A T I O  = 1 . 2 5 1 0  

I N L  ET 
P C T  SPAN 
0 I A  

STATI ' IN  0 RETA 0 
S T A T I J Y  1 RETA 1 

v 0 
v 1 
VZ 0 
v z  1 
V-THETA 0 
V-THETA 1 
n 0 
Y 1  
TURN 
UURAR 
OFAC 
EFFP 
I N C l 0  
OEVY 
P 0 
P 1 
T 0 
T 1 

SLOTTED 
P f l T I P  4 PCT SPAN 

O I A  
STAT I 1'4 1 SETA 1 
S T A T 1 1 9  2 h F T A  2 

B F T A I P I \ )  1 
U F T A I P R )  2 
v 1 
v 2 
VZ 1 
v z  7 
V - T H E T I  1 
V-THETA 7 
V I P R )  1 
V I P 2 1  2 
VTHFTA Po 1 
V T q F T I  U P 7  
I) 1 
d 2 
Ir 1 
M 2 
H I P 4 1  1 
M I P R I  2 
TU4V(  PR I 
UUHAR 
L P S S  PARA 
OFAC 
EFFP 
E F F  
I v c I n  
OEVY 
P 1 
P 2 
T 1 
T 2 

P C 1  SPAN 
O I A  
BETA 0 
BETA 1 
v 0 
v 1 
vz 0 
vz 1 
V-THETA 0 
V-THETA 1 
H 0 
M 1 
TURN 
UUBAR 
OF AC 
E F F P  
I N C I D  
OEVM 

P 0 
P 1 
T 0 
T I  

PCT SPAN 
D I A  
BETA 1 
SETA 2 
B E T A I P R I  1 
B E T A I P R I  2 
v 1 
v 2 
VZ 1 
VZ 2 
V-THETA 1 
V-THETA 2 
V I P R I  V I P R )  1 2 

VTHETA P R 1  
VTHETA P 9 2  
U 1 
u 2 
W I 
n 2 
H I P R I  1 
M I P R I  2 
T U R Y I P R I  
U U R I R  
LOSS PARA 
DFAC 
E F F P  
EFF 
I N C I D  
OEVM 

P 1 
P 2 
T 1 
T  2 1  

P C 1  SPAN 
0 1  A 
BETA 2 
BETA 2 A  
v' 2 
V 2 A  
VZ 2 
VZ 2 A  
V-THETA 2 
V-THETA 2 A  
$4 2 

M 2 A  
T U R N I P R I  
UURbR 
LOSS PARA 
OFAC 
E F F P  
I YCI  0 
OEVM 

2 1  
P 2 A  
7 2 
T ? A  

S T A T l i  4 P C T  (PAN 
0 1 A  

S T b T I J N  1 B F T L  2 
STAT I 'U 2A NETA 2A 

v 2 
V 2A 
v z  2 
VZ 2A 
V-TdETA ? 
V - T H E T I  2A 
n 7 

UUDAR 
Lnss  P A R A  
OFAC 
EFFP 
I N C I O  
OE VM 
P 2 s  



Table B-3, Blade Elenlent Pe r fo rmwee ,  Slotted Rotor 4, 
Slotted Stator 4 With Vortex @nerators  A b e d  
of Rotor (Continued) 

P ~ R C N T  E Q U I V ~ T  D D T ; S I ~  SBE~, D 9 9 . 1 0  EQUIVfLENT ROTOR SBED * 4 1 7 2 . 0 0  CORRECTED WEIGHT FLOW = 98 .38  PRESSURE R 4 T I O  

P C 1  SPAN 
0 I A  
BETA 0 
BETA 1 
v 0 
v 1 
vz 0 
vz 1 
V-THETA 0 
V-THETA 1 
Y O  
u 1 
TURN 
UUBAR 
0FAC 
EFFP 
INClF)  
DEVM 
P F 
P 1 
T 0 
T 1 

P C T  SPAN 
0 1 A  
BETA 0 
BETA 1 
v 0 
v 1 
vz 0 
vz 1 
V-THETA 0 
V-THETA 1 
n 0 
Y 1 
TURN 

STAT I,JY 
STAT I 1 N  

UURAR 
DFAC 
E F F P  
l HtI 0 
DEVM 

P 0 
P 1 
T 0 
T 1 

SLOTTED 
RGT'IJ P C 1  SPA4 

0 I A  
6ETA 1 
RETA 7 
Q F T A I P K J  I 
E E T A I P K J  2 
v 1 
v 2 
vz 1 
VZ 7 
V-THFTA 1 
V-THCTA 2 
V I P 0 1  1 
V I P R J  2 
JTHETA P Q l  
V T H E T I  PI'? 

IJ 1 
U 7 
N 1 
" 2 
U I P R l  1 
' 4 1 ? 2 l  2 
T U 9 N l P R  I 
IlURA2 
LOSS PAJA 
L ~ F A C  
F+FP 
E F F  
I N C I ' I  
0 EVY 
P 1 
P 2 
T 1 
T 2 

PCT SPAN 
D I A  

STAT 13N 
ST ?IT ICIY 

BETA 1 
BETA 2 
B E T A I P R I  I 
B E T A I P R I  2 
v 1 
v 2 
VZ 1 
vz 2 
V-THETA I 
V-THETA 2 
V I P R I  1 
V I P R I  2 
VTHETA P R 1  
VTHETA PRZ 
tJ 1 
u 2 
u 1 
u 2  
U I P R I  1 
Y I P R )  2 
TURN(PR1 
UU8AR 
LOSS PARA 
DF PC 
E F F P  
E F F  
l N C l 0  
OEVU 

P 1 
P 2 
T 1 
T 2 1  

P C T  SPAY 
D l  A 
BETA 2 
BETA 2A 
v 2 
V 2A 
vz ? 
V Z  2A 
V-THETA 2 
V-THETA 7A 
M 2 
N 2 4  
TURYI PR 1 
UUBAR 
L q S S  P A R A  
OFAC 
EFFP 
l N C l D  
DEVY 
P 21 
P 28 
P 2 
T Zb 

P C 1  SPAN 
0 1  A 
BETA 2 

V 2 A  
VZ 2 
V L  2 A  
V-THETA 2 
V-THETA 2 A  
n 2 

M 2 A  
T U R N ( P R I  
UURAR 
LPSS PARA 
OF AC 
E F F P  
I N C I D  
D E V I I  

P 2 1  
P 28 
? ' ?  
T Z A  



Table E3-3, Blade Elenleiit Performance, Slotted Rotor 4 ,  
Slotted Stator 4 With Vortex Generators Ahead 
of Rotor (Coiitinued) 

PERCEI(T E Q U I V W T  DESIGN SPEEC - 99.24 EQUIVliLEIlT ROMR SPEm F 4178.00 C O K R E C T E O  W E I G H T  FLOW = 9 5 . 5 0  P R C S S I  URE R A T I O  = I  . 2 7 9 7  

4 4 . R 8  
37.050 

3 . 0 0 0  
0 . 0 0 0  

365 .84  
4 2 3 . 9 3  
365.84 
423.87 

1 . 0 7  
0.nn 

" . 3 3 1 3  
? . 3 8 2 5  

".O 
C." 
- C .  1 5 1  
1 .'1CJi? 
n . Q ~ I  

-5  .?CO 
14.694 
1 4 . 6 3 4  

5 1 3 . 7 5 0  
519.700 

P C 1  S P A N  
n I A  

S T A T I ' l N  0  B E T A  0  

PCT  S P A N  
01 A 
B E T A  0 
B E T A  1 
v 0  

S T A T  f l u  I R F T A  1  
v 0  
v 1 
V Z  0 
V Z  1 
V - T H E T A  3  
V - T H E T A  1 
Y O  
M I 
TURN 
IJUBAR 
O F A C  
E F F P  
l u c l n  
D E V Y  
P  0  
P  1 
T  O 
T I  

SL""? 
k n T  1 4 P C T  SPAY 

O I A  
s i i r 1 1 4  1 O Z T A  I 
Z T A T I q Y ?  R C T A  2  

n C T A l P R l  I 
R E T A ( P 2 1  7 
v 1 
v 2 
V Z  1 
VZ  7 
V-T+iFTA 1  
V - T h C T A  2 
V ( P 1 1  1 
V ( P J 1  2 
V T d C T A  P ?  1 
V T H F T A  PL (2  
LI I 
U 2 
u 1  
Y 2  
U (  P R I  1 
. A ( P l i )  2 
T U Q r l l P K  1  
U O 7 h R  
L q S S  P A P A  
LlFAC 
F F F P  
C F F  
Ib 'C I n  
O E V Y  
P  1 
P 2 
T  1 
T  7 

V L  1 
V - T H E T A  0 
V - T H E T A  I 
n 0 
M 1 
T U R N  
U U R A R  
D F A C  
E F F P  
l N C I D  

P C T  S P A N  
0 1  A  
B E T A  1 
B E T A  2 
B E T A I P R I  1 
B E T A ( P R 1  2 
v 1 
v 2 
vz 1 
V Z  2  
V - T H E T A  1 
V - T H E T A  2 
V ( P R 1  1 
V I P R I  2 
V T H F T A  P R I  
V Y H E T A  P R 2  
U  1 
U 2 
n I 
M 2 
M ( P R 1  1 
M ( P R 1  2 
T U R N I P R I  
U U B A R  
L O S S  P A R A  
OF AC 
E F F P  
E F F  
I U C I O  
O E V H  

P  1  
P  2 
T  1 
1 2 1  

SLOTTED 
ST b1I:A 4 P C T  S P A N  

C I IA  
S T A T I ' , I I  7 D E T A  ? 
F T A T l ' l N  2 4  P t T A  2A 

V  2 
V  ?A 
V L  2 
VZ 2A 
V-  THE TA ? 
V - T H E T A  76. 
M 7 
M 24 
TURN I PK I 
U l l i l A R  
L J S Z  P A H A  
O F A C  
E F F P  
l N C I 0  
OFVM 
p 21 
P 2P. 
T 2 
I zn 

P C T  S P A N  
n f  A  
B E T A  2 
 ETA Z A  
v 2  
V  Z A  
VZ 2  
VZ  ? A  
V - T H E T A  2 
V - T H E T A  Z A  
n 2 

H 2 4  
T U R N 1  P R l  
UUBAR 
LOSS P A R A  
OFAC 
E F F P  
I N C I D  
D E V Y  

P 2 1  
P 2 d  
7 7 
i ? A  







0iii?"8CS 
0St"eES 

6'75 "ST 
SLB"S1 

0JZ"ZZ 
bEZSfZ- 
Sf81'O- 
16BZ'O 
BS80'0 
SLb1"O 

i€C'ZZ 
6EbESO 
86EC.O 
B9'SS 
8G'ECZ 
R9'LEC 
91'YZC 
1Z.IbC 
06'06t 
0s Z 'i 
001 '6 Z 
OGE'bE 
99 '6 

3iil "BtS 
058 "UE5 

i2L"Si 
ELI"91 

Obb"L1 
LYZe6I- 
Sbu8.0- 
SLZZ'O 
6950.0 
9121'0 

ZtZ'f2 
ZSEC'O 
tLSC.0 
tif 'ft 
EL'BCZ 
LO' CBC 
Z6'8EC 
11'98'1 
LL'COS 
CSZ'S 
ULS.6Z 
SbG'LE 
Bb'bZ 

940"ftS 
050'E+S 

Z"iB"SI 
OSF"S1 

03X'bZ 
bCZ"91- 
L5OO.O- 
28ZE.O 
8680"O 
8612.0 

056'62 
SbIC.0 
LIB'7.0 
4 C'Z9 
00'8ZE 
9L.99'7 
LE'9Zf 
Zb'OL47 
C6'LES 
OZ9'L 
OLS'LE 
OIZ'EE 
96-96 

9669.0 
BO'OE 
ES'OLZ 
85'815 
92'4BC 
Sf '615 
99.555 
OZE'E 
0'11 ' 62 
410'5t 
89'69 

VZ A 
Z A 

VZ PI38 
Z V138 

v 10 
NVdS 13d 

VZ A 
Z A 

VZ V138 VZ kO11VlS 
z v13fi z wrI IVIS 

v1a 
NVdS 13d f t>llVlS 

a3LrnS 

1Z 1 
I1 
Z d 
I d 
WA30 

013Nl 
443 

dJj3 
3VJO 

VMVd SSOl 
MVBM 

OOS'BES 
OOL'81S 
565'51 
%-69'CI 
995'81 
SCE'IZ- 
ZbC%-'0 
6ES'r.O 
Sf Lf'O 
OSZ1'0 
ZOEE'O 
682'51 
1609 -0 
9665'0 
188E'O 
OS9E'O 
LL *E IS 
OZ'CZS 
E'LLZ- 
Z'CZS- 
6' BSt 
L'O99 
Lf09EZ 
00 '0 
€8 'f9E 
+I 'LO%- 
OO'SE+ 
91 'ZOC 

OOE'BES 
OOL'BIS 
Sf 1'91 
'r69'CI 
9EZ'ZI 
L95'61- 
LIZL'O 
C4ZL .C 
599E '0 
0650'0 
€8'71 '0 
860'61 
1ZLC.O 
tE09'0 
816f'O 
SZBE'O 
56'EOS 
90'6.15 
1'SLZ- 
l'f.15- 
f '92s 
8.E99 
€8'822 
00'0 
EE.EfC 
E1'1ZC 
99'EOS 
EZ'TZC 

048'6ES 
OOL'BIS 
OZZ'91 
C69"rI 
Et9'6 
SZL'SI- 
ILEL.0 
LGCL.0 
IRbE'O 
CS90'0 
8C91'0 
ZBE.12 
ZbtC'O 
9Les.o 
CZS'r'O 
LILE'O 
f 2'68C 
21'96C 
6'0472- 
C'96C- 
0'104 
8'9C9 
EE'8tZ 
00'0 
Z6'bEC 
39.f If 
LS'CO5 
OL'Slf 
09L'BZ 
OEI'GS 
004.62 
OOC'O 
BIZ'BE 
10'06 

0SS.OCS 
OOL'b15 
919.91 
C69'CI 
BES'CI 
001 ' 11- 
6CLB.O 
29L8.0 
'r83E.O 
OSIO'O 
SBE0'0 
ZlE.92 
ZS9C.0 
1595'0 
9663'0 
E88E'O 
56'6CC 
29'153 
C.611- 
9'153- 
S'L14 
9.129 
ES'OLZ 
00'0 
92'58'1 
LO'LZC 
99.545 
LO'LZC 
162.0Z 
009'9C 
091'62 
000'0 
OSI'SE 
10'OL 

0C4'1CG 
OOL'b16 
229'91 
t69'31 
L9C'LI 
101.11- 
55 I8 '0 
bB1B'G 
61EC.O 
I tS0'G 
IOCI .C 
9C1'1t 
OEZC 'G 
8 155 'U 
C66'7.0 
CbBL'C 
EE'OtC 
86 '6Zf 
L.EI1- 
0.OEC- 
6'GLC 
6'909 
19 '9 I€ 
00 '0 
86'96f 
bZ'8ZC 
86'554 
6Z98Zb 
L96'EI 
€11.5'7 
OZL.CE 
OUO'G 
L19'EE 
00 906 

0G0 '€96 
00L '8 IS 
S5f.91 
?69'C1 
GLt'IZ 
Cfi5*11- 
ZOOL'O 
6f3L.C 
bQbf'0 
€280'0 
€*IZ'O 

Z 1 
I1 
Z d 
I d 

WA30 
013N1 

343 
dJ33 
3vja 

VMVd SSGl 
nvenn 

I ud JhMnl 
Z OJdJk 
I (8dlh 

Z # 
I W 
2 n 
I n 

ZMd V13HlA 
18d V13HlA 

Z ILldIA 
1 IUdlA 

Z Vl3Hl-A 
I V13HI-A 

2 ZA 
1 ZA 

Z A 
I A 

Z (ld)V138 
1 IHdJVl3fi 

Z V138 Z EiGIlVlS 
I PA38 I NCIlVlS 

VIO 
NVdS 13d f tU1:lX 

YSO'ZE 
L16E.O 
95C4.O 
LIk"I'0 
E98E.0 
1C'SZf 
t8'tZf 
S 'L6- 
B'EZC- 
C'LEC 
Z '009 
VO'BZE 
00'0 
LEa9ZC 
Et.fZ47 
f6'LES 
66'CZC 
OLB'ZI 
9Z6'Ct 
(ILS 'LE 
(r 00 '0 
EEZ.EE 
lo's6 

z-A 
1 A 

Z (MdlV138 
I (Md)V138 

Z V138 
1 V138 

110 
NVdS 1% 

1 I 
0 1 
I d 
0 d 
MA30 

OIWl 
djJ3 
9VjO 

uvenn 
~unl 

GOL'8lS 
OOL'BIS 
969.91 
'769'CI 
000'0- 
1000'0 
0000'1 

OOL'BIS 
00L.BIS 
4769'471 
4769'31 
000'0- 
1000'0 
6666' 0 
fL1'0- 

0'0 
0'0 

EBBE'O 
C6ZE'O 
00'0 
00'0 

OOL'BIS 
00L.815 

11 
C 1 
I d 
0 d 

MA30 
01 3NI 

dJj3 
3VjO 

vvenn 
Nun1 

1 W 
0 W 

I Vl3Hl-A 
0 V13HI-A 

1 ZA 
0 ZA 

I A 
0 A 

1 V13Q 1 NOIlVlS 
0 V138 C N01111S 

v10 
NVdS 13d 

13 IN1 

C69.CI 
'r69'Cl 
OCO'O- 
1000'0 
6666'0 

00'0 
OC'O 

LO'LZT 
LLaE9E 
LO' LZf 
LL'E96 
000'0 

ZC 'OEC 
LLSE9E 
Z'r'OEC 
LL'E9E 
0CO.O 
000'0 
096'EE 
51.98 



'Tai3rI.e B-4, Blade Elenaent Performance,  Unslotted Rotor 4, 
Slotted Stator 4 With Vortex Gpnerators Ahead of 
Rotor aid Between Rotor and Stator (Continued) 

pm~mT EQUIVWT DGSIGH SPEED a' 69.60 8 E Q U I V & ~ T  ROmR SPEED P 2930.00 C O " R E C T E D  WEIGHT FLOW = 9 0 - 2 5  PKFSSURE RATIO =1.0945 

INLET 
PC1 SPAN 96 .91  91.17 86.75 71.00 41.89 29.24 13.72 8.71 3.34 PCT SPAN 
0 1A 31.110 33.510 33.960 35.280 37.050 38.780 40.080 40.500 40.950 0 t h  

STITZUI~ : R E T A  0 p . ~ t > o  0 . 0 ~ 0  0.000 n.000 O . C ~ O  0.000 0.000 3.000 0.000 B E T A O  
STATICIN I ?ETA I n .  o.?oq 0 . 9 ~ ~  0.000 u.n?n o.?no 0.000 0.000 0.000 BETA 1 

V 0 343.47 347.47 343.47 3b3.47 343.47 343.47 341.47 343.47 343.47 V O  
392.57 392.72 396.16 391.25 335.61 385.44 390.10 304.94 378.88 V 1  
343.47 343.47 343.47 343.47 343.47 343.47 343.47 343.47 343.47 V Z O  

VZ I 392.57 392.72 396.16 391.24 3R5.55 385.38 390.00 354.84 378.86 V Z 1  
V-THFTA J 0 . ~ 0  0.00 0.00 o .or) 0.00 0.00 0.00 0.00 0.00 V-THETA o 
V-THETA 1 0:;0 C.00 P . e70 0 .00 1 - 0 0  0.00 0.00 0.00 0.00 V-THETA 1 
P 0 3.3106 0.3106 0.3106 0.3106 9.3136 0.3136 0.3106 0.3L06 0.3106 M O  
bd 1 n.3531 0.3562 0.3594 C.3548 3.3496 0.3494 C.3538 n.3490 0.3434 H i  
TURY 
UU54R 

,>. 0 0 .  I 0 .; 0.0 C. 3 3.q 0.0 c?. n 0.0 TURN 
7.0 .). 0 0.Q 0.0 .n 0.0 0.0 0.0 0.0 UU8AR 

DFAC 
EFFP 
INC 10 
L)EV\1 
P 3 

DFAC 
EFF P 
l N C I 0  
OEVR 

P 0 
P 1 
T 0 
T 1 

PCT SPAN 
01 A 
BETA 1 

I T  4 P C 1  SPAY 
i l  I d  

ST hT Iil'i 1 8FTA 1 
S T Z T I , \  2 l\ETA 7 4C. 82 : 

BETh(PR1 1 47.157 
3ETAIPPI  2 11.37"  
V 1 352.57 
V 2 918.77 
v z  1 397.57 
V2 2 iL?2.  5 5  
V-THETA 1 P.(,'; 
V-THETA 7 339.08 
V IPRI  I 577.3 
V (P21  2 sn1.s 
bTHFTh D k l  -423.3 

36.350 BETA 2 
54.108 8ETA(PRI 1 
41.219 BETAIPRJ 2 
378.80 V 1 
395.42 V 2 
778.86 VZ 1 
318.32 VZ 2 

0.00 V-THETA 1 
234.76 V-THETA 2 

646.2 V IPRI  1 
423.4 V IPRI  2 

-521.5 VTHETA P R l  
VTHETI P"?  -P5.$ -1gr.5 7 -166.9 -;14.1 -227 . r  -255 .1  -750.4 -279.9 VIHETA PRZ 
U 1 4 7 3 . 3  1 4Lq.43 434.16 451.04 477.h7 4?5.7R 512.40 517.77 523.53 U 1 

L C S S  PAFA 
9FAC 
CFFP 
CFF 

Ih'C1D 
h E V'.t 
P  1 
P 2 
T 1 
T 2 

0.0998 LOSS PARA 
0.5155 OFAC 
0.5036 EFFP 
0.4985 EFF 

-19.744 i w l n  
22.547 OEVM 
14.694 P I 
15.800 P 2 

518.700 T I  
540.500 T 2 1  

SUITTED 
STATC. + PCT S P A R  

D l A  
S T A T  11'4 ? !ICTA 7 
STAT1 :* ? A  3 F T 4  2A 

v 2 
V 2A 
v z  7 
VZ 2A 
V-THETA Z 
V-THFTA 2A 
M 2 
M 2A 
TURN1 PR I 
UU84R 
LOSS P A R 4  
DFAC 
E F F P  
I N C l O  
D E V M  

PCT SPAN 
0 1  A 
BETA 2 
BETA 2A 
v 2 
V 2A 
VZ 2 
VZ 2A 
V-THFTA 2 
V-THETA 2A 
3 2 

'4 2A 
TURN(PR.1 
UUSAR 
L O S S  PARA 
DFAC 
E F F O  
I Y C I D  
OEVU 





Table B-4, Blade Element Performalee,  Unslotted Rotor 4,  
Slotted Stator 4 Witla Vortex Generators Ahead sf 
Rotor and Between Rotor and Stator (Continued) 

Ti?CENT EQUIVALENT DESIGN SPEED " 69.62 EQUIVALENT I[OMR SPED2 - 2931.10 CGR7ECTE0 WFIGHT F L ' l d  = 77.79 PKESSUQf R A T I O  = L , i 2 8 5  

I N L C T  
P C 1  SPAN 
Il I A  

ST LT I I\ " RFTA 0  
S T A T 1  l1.I 1  RE14 I  

v il 
v 1  

91.17 
33.590 

o . m ~  f'. 0 0 0  
271.94 
329.18 

P C 1  SPAN 
D I A  
BETA 0 
BETA 1 
v 0  
v 1 
VZ 0 
VZ 1 
V-THETA 0 
V-THETA 1  
M 0  

V-TIIETA ') 

V-THETA 1  
w 0 
Y 1  
TUXM 

9 1  
TURN 

U1I3AP 
DFAC 
CFFP 

UURAR 
DFAC 
E F F P  
I N C I D  
DEVY 

P 0 
P 1  

PCT SPAN 
D I A  
BETA 1  
$ETA 2 
B E T A ( P R 1  1  
R E T A ( P R 1  2 
v I  
v 2 
vz I  
VZ 2 
V-THETA 1 
V-THETA 2 
V I P R I  1  
V ( P R )  2 
VTHETA P R I  
VTHETA PR2 
U 1  
U 2  
H 1  
LI 2 
L I IPR)  1 
# ( P R )  2 
TURNIPR)  
UUR A R 
LOSS PARA 
DF AC 
E F F P  
EFF 
I N C l O  
OEVLI 

P 1  
P 2  
T 1  
T 2 1  

v z  s 
V-THETA 1  
V- THF TA ? 
V I P O I  I  
V I ? i ! l  2 
VTrfFT4 P91 
\'THETA "1. 7  

UU94? 
L 3 5 S  Ph'A 
9FAC 
t FF? 
L F F  
I ' I C  I ?  
n E V 4  

SLOTTED 
STAT " P C 1  SPA'i 94 .75  3 0 .  34 4.76 PCT SPAN 

33.650 C I A  
45.900 BETA 2 

9.680 B E T A  2 4  
4Jh .23  V 2  
1 4 8 . 4 9  V 2 A  
282.6C V Z 2  
343.53 V Z 2 A  
791.67 V-THETA 2 

5 8 . 6 0  V-THETA 2 A  
0.3598 '4 2  

VZ ? 337.59 311 .93  
VZ ZA 317.7" 321.30 
V-THETA 2 1 5 6 . 6 2  35n.  19 
V-THETA ?A 12.98 15 .57  
H 7  0 .4183  ".4217 

2A c . 7 a n 1  r . 7 ~ 1 ~  ~ . 7 n 1 ?  -.3190 3.7550 c .34n7  2.3279 n . 3 1 ~ 4  0.3076 '4 2 A  
T U R N I P P I  46.MtlO 46.230 43 .779  35.604 3  33.5i"' 34.058 35 .204  36.198 TURh((PR1 
UU8AA 0.1545 0,1341 0.1642 0.0837 0.0370 0.0660 0.1289 0.1287 0.2078 UURAR 
LOSS P A P A  0.0636 0.0557 0.0690 0.0362 0.0167 0.0308 0.0616 0.0620 0.1008 LOSS P I R A  
DFAT. 81.6257 n .6033  0.611'5 C.5011 0 . 4  0.47Sb ,',.4165 4 0 .4?7Q OFAC 
L F F P  n .6703  7 .6910  c1.1,353 rX.hu73 1 . -  n.7304 r .6119  1 .59? r  r).7?19 EFFP 
I W C I D  -6.55~ -3.730 -3.( ,?1 -7.456 -7.1~34 - - i . h w  -1).qe2 - q . 5 $ ?  -9.922 I W I O  
OEVLt  18 .820  ~ i . ? j c  1 7 , ~ i q  1 0 ~ 6 9 ~  1 , . 2 4 ?  15.137 22.480 2 4 . n ~ r  25.630 O E V W  

P 2 f  16.925 16.750 16.725 16.825 17,000 16,975 16,900 16.815 16.875 p 21 
P 74  1 6 . 4 4 2  1o.5C2 l h . 4 1 7  16.66'1 l r , .L i?9  1 6 , 9 5 5  15.673 1 6 , 6 0 7  1 6 , 5 3 2  P 7 4  
1 2  544.753 5 4 ~ ~ 2 5 0  5 4 3 , i n r  541 - 3 5 0  5 4 1  * , I - , -  5 4 2 . 6 5 3  ~ 4 7 , 4 5 n  ',+3,')53 144 ,z r10  f ? 
T 73 544 .752  543 .250  543.10: 5 4 1  , n 5 q  ' l i ~ . . i 1 3  5/+2.i,5n 5 4 3 . 4 5 9  5 4 3 . 2 5 ~  544 .75n  Y 7 6  



Table B-4, Blade Element Performmee, Unslotted Rotor 4, 
Slotted Stator 4 With Vortex Gevlerators Ahead of 
Rotor and Between Rotor and Stator (Continued) 

PERCENT WUIII&LW DESIGN SPED - 6 9 - 3 2  m U I V m  WMR SPEED - i918.40 C O R R E C T E D  WEIGHT FLOW = 71.33 PRESSURE R h T f O  =lr1355 

.,.- t 1 
P C T  SPAN 
O I A  

STATION 0 BETA 0 
STATl!)hl  1 BETA 1 

v 0 
v 1 
v z  0 
V L  1 
V-THETA 0 
V-THETA 1 
n 0 
n 1 
TURN 
UUBAQ 
OFAC 
EFFP 
I N C I D  
nEVM 
P 0 
P 1 
T 0 
T 1 

PCT SPAN 
O I A  
BETA 0 
BETA 1 
v 0 
v 1 
VZ 0 
VZ 1 
V-THETA 0 
V-THETA 1 
n 0 
n 1 
TURN 
UUBAR 
OF AG 
E F F P  
I N C I O  
OEVM 

P 0 
P 1 
T 0 
T 1 

PCT SPAN 
01 A 
BETA 1 
BETA 2 ' 
8 E T A I P R I  1 
B E T A I P R I  2 
v 1 
v 2 

R I T  l i  4 PCT SPAN 
O I A  

S T A T  I 1% I %ETA 1 
S T A ~ I - u  2 HETA 2 

b F T 4 l P R I  I 
8 F T A I P R I  2 
v 1 
v 2 
VZ 1 
v z  ? 
V-TYETA 1 
V-THFTA 2 
V I P R )  1 
V I P ? )  2 
VTHFTh P R I  
VTHETA Pi?? 
u 1 
I J  2 
M 1 
U 2 
Y I P R I  1 
Y I P R )  2 
TURN1 PA I 
UUB4R 
LOSS OAQA 
DFAC 
E FFP 
E F F  
I N C l O  
OEVY 
P 1 
P 2 

vz  1 
VZ 2 
V-THETA 1 
V-THETA 2 
V I P R I  1 
V I P R I  2 
VTHETA P R l  
VTHETA PR2 
U 1 
U 2 * 1 
n 2 
M I P R I  1 
M I P R I  2 
T U R N I P R I  
UUBAR 
LOSS PARA 
OFAC 
EFFP 
EFF 
l N C l 0  
OEVM 

P 1 
P 2 

SLOTTED 
STAT )P 4 P C 1  SPAN 

O I A  
S T A T I I f 9  2 BETA 2 
ST 4T  I 14 ?A BETA 2 A  

v 2 
v ZA 
V L  2 
VZ 2 6  
V-THETA 7 
V-THETA ?A 
n 2 
M 2A 
TURN1 PR I 
UURAR 
LOSS PARA 
OFAC 
EFFP 
I N C I O  
OEVW 

PCT SPAN 
0 1 4  
BETA 2 
BETA 2 A  
v ' 2  
V ZA 
V L  2 
VZ Z A  
V-THETA 2 
V-THETA 2 A  
14 2 

n 2A 
TURNIPRI  
UUBAR 
L O f S  PARA 
OFAC 
EFFP 
I NCI  0 
OEVM 



Table B-4, Blade Element Perforn~ance,  Unsfotted Rotor 4 ,  
Slotted Stator 4 With Tortex Generztors Ahead of 
Rotor and Between Rotor and Stator (Cotitilzued) 

PLXENT EQUIVhLEIIT DESIGN SPEED - 69.97 EXlUIVALEHT ROMR SPED - 2945.92 CO'IRECTEO WEIGHT FLOW = 64.59 PRESSURE RPTIO -1,1378 

INLFT 
PCT SPAN 
n I A  

STATInN 0 BETA 0 
STATl3V 1 BETA I 

v 0 
v 1 
VZ 0 
VZ 1 
V-THETA C 
V-THETA 1 
n 0 
H 1 
TURN 
UUBAR 
DFAC 
EFFP 
INCIO 
DEVH 
P O  
P 1 

ROT?* 4 PCT SPAN 
0 1  A 

S T i T I I ' . .  1 BETA 1 
STAT1 114 7 BETA 2 

BETAIPRI 1 
BETAIPRI 2 
v 1 
v 2 
V I  1 
vz 2 
V-THETA 1 
V- THE TA 2 
V (PRI  1 
V ( P R I  2 
VTHFTA P K I  
VTHETA P R 2  
u 1 
u 2 
M 1 
M 2 
MIPRI 1 
M l P R l  7 
TORY( PR I 
IJUBAQ 
LOSS PARA 
OFAC 
E FFP 
EFF 
INC13 
nEVn 
P' 1 
P 2 
T 1 
7 2 

SII)TT7ED 
STAT P 4 PC1 SPAN 

D l A  
STATln14 E BETA 2 
STATlt lrJ 2 4  PFTA 2 A  

V 2 
V ZA 
v z  2 
VZ 2A 
V-THE TA 2 
V-THETA Z A  
P ?  

7URY 1 PR I 
UUBAR 
LOSS P A R A  
UFAC 
EFFP 

33.110 
0.001 
0. OCU 

240.C4 
269.56, 
240.04 
269.51, 

0.00 
0.OJ 

0.2160 
0.2429 

0.0 
0.0 
-0.123 
0.99qo 
0.0001 
- 0 . m ~  
14.69'+ 
14.694 

PC1 SPAN 
D I A  
BETA 0 
BETA 1 
v 0 
v 1 
VZ 0 
v z  1 
V-THETA 0 
V-THETA 1 
n 0 
H 1 
TURN 
UUBAR 
OFAC 
EFFP 
I N C I D  
DEVH 

P 0 
P 1 

PC1 SPAN 
D l  A 
BETA 1 
BETA 2 
BETA(PR1 I 
BETAIPR) 2 
v 1 
V 2 
VZ 1 
VL 2 
V-THETA 1 
V-THETA 7 
V(PRI 1 
VIPR) 2 
VTHFTA PR1 
VTYETA PR2 
\ I  1 
U 2 
' 4 1  
H 2 
H IPRI  1 
r( (PRl  2 
TURNlPRl 
UUBAR 
LOSS PARA 
OF AC 
EFFP 
EFF 
tNCID  
DEVM 

p 1 
P 7 
T 1 
T 2 1  

9.66 4.76 PC1 SPAN 
39.3n0 39.650 DIA 
50.760 51.740 R E T A Z  

8.460 8.620 BETA ZA 
413.63 395.23 V.2 
299.62 279. R9 V ZA 
261. 57 244.67 VZ 2 
236.47 276.72 VL 2 4  
320.76 310.25 V-THETA 2 

42.61 41.95 V-THETA 2 4  
0.3660 0.3491 M 2 

LOSS PARA 
OFAC. 
EFFP 
l N C I D  
D E V M  

P 2 ,  
P ? A  
T Z 
T Zd 



Table B-4, Blade Element Performwee,  Unslotted Rotor 4, 
Slo"ced Stator 4 With Vortex Generators Ahead of 
Rotor and Between Rotor and Stator (Continued) 

PEXCMT N U I V M  DPiSIW S W  " 98a65  1 ERmV-T ROTOR S m  * 4 1 5 3 0 3 0  CORRECTED WEIGHT FLOM = 1 1 9 r 1 0  PRESS 

INLET 
PC1 SPAN 
D l  A 

STAT13N 0 BETA 0 
STATlOV 1 BETA 1 

v 0 
v 1 
VZ 0 
VZ 1 
V-THETA 0 
V-THETA 1 
M 0 
M 1 
TURN 
UUBAR 
OFAC 
EFFP 
INCIO 
DEVU 
P 0 
P 1 
T 0 
T 1 

RllTOR 4 P C 1  SPAN 
0 1  A 

ST9TION 1 8FTA 1 
STATI3Y 2 BETA 2 

BETAIPR) 1 
8FTAIPR) 2 
v 1 
v 2 
VZ 1 
VZ 2 563.31 607.49 630.50 632.52 569.06 589.53 593.60 534.77 
V-THETA 1 0.00 0.00 0.00 0.00 0.00 0.00 0 .OO 0.00 
V-THETA 2 
VIPR) 1 
V IPR)  2 
VTHETD, PR1 
VTHETA PRZ 
U 1 
U 2 
n 1 
r( 2 
U IPH)  1 
M I P R I  2 
TURNIPR) 
UU34R 
LOSS P4RA 
OFAC 
EFFP 
EFF 
l Y C I 0  
OEVM 
P 1 
P 7 
1 1  
1 Z 

S L O m  
S T A T q K  4 P C 1  SPAN 94.96 90.34 84.87 69.68 49.58 29.48 14.64 9.66 

D l  A 33.210, 33.540 33.930 35.015 36.450 37.885. 38.945 39.300 
STATION 2 BETA 2 40.790 36.500 33.800 29.480 30.750 28.840 28.350' 32.720 
STATIOY 2A BETA 24 7.780 7.500 6.830 3.660 4.220 5.180 a.000 9.450 

V 2 744.03 755.71 758.75 726.70 662.41 673.38 674.90 635.98 

VZ 2A 
V-THETA 2 
V-THETA 24 
u 2 
W 2A 
TURNIPRI 
UU8AR 
LOSS PARA 
DFAC 
EFFP 
IMCIO 
OEVPI 

URE RATIO = l . L 1 S C  

4.76 
39.650 
38.250 
10. TOO 
473.13 
581.28 
371.18 
571.17 
292.77 
107.92 
0.4161 
0.5163 
27.528 
0.2412 
0.1166 

-0.0338 
0.3306 

- 17 .571  
26,650 
16,775 
16,026 

556,650 
555,690 

PC1 SPAN 
D I A  
BETA 0 
BETA 1 
v 0 
v 1 
VZ 0 
VZ 1 
V-THETA 0 
V-THETA 1 
M 0 
n 1 
TURN 
UUBAR 
DFAC 
EFFP 
l N C l 0  
DEVU 

P 0 
P 1 
T 0 
T 1 

PCT SPAN 
0 1  A 
BETA 1 
BETA 2 
8ETAtPR) 1 
BETAIPR) 2 
v 1 
v 2 
vz 1 
VZ 2 
V-THETA 1 
v-THETA 2 
V(PR) 1 
VIPR) 2 
VTHETA PR1 
VTHETA PR2 
U 1 
U 2 
W 1 
n 2 
MIPR) 1 
MIPR) 2 
TURNIPR) 
UUBAR 
LOSS PARA 
OF AC 
EFFP 
EFF 
l K l 0  
OEVM 

P 1 
P 2 
1 1  
T 2 1  

PCT SPAN 
0 t h  
BETA 2 
OETA 2A 
v 2 
V 2A 
VZ 2 
VZ 2A 
V-THETA 2 
V-THETA 2A 
n 2 

n .?A 
TURNIPR) 
ULIgAR 
LOSS PARA 
OFAC 
EFFP 
! W I D  
OCVH 
p 21 
P Z I  
'1 2 
7 21 



Table B-4, B l ~ d e  Element Performance, Urnslotted Rotor 4 ,  
Slotted Stator 4 With V ~ r t e x  Generators Af;e~-d 01 
Rotor and Between Rotor a ~ d  Stator (Contii~uedj 

P E R m  EIUTV-T DESIGN SPGPB -99.90 W1V-T SITXD 4206.00 CORRECTFO WEIGHT FLOW = 115,28 PRESS fURE RATIO 2 

INLET 
PCT SPAN 
0 1 4  

STATION 0 B E T A 0  
STATION 1 BETA I 

PCT SPAN 
DIA  
BETA 0 
BETA 1 
V 0 

vz 0 
VI. 1 
V-THETA 0 
V-THFTA 1 

VZ 1 
V-THETA 0 
V-THETA 1 
n 0 
n 1 H I  

TURN TURN 
UUBbR 
DFAC 
EFFP 
I N C I D  
DEVW 

P 0 
P 1 
T 0 
T 1 

UUHAR 
DFAC 
EFFP 
INCID  
DEVH 
P 0 
P 1 
T n . - 
T 1 

SII)m 
ROTOR 4 PCT SPIN PCT SPAN 

D I A  
BETA 1 

D l  A 33.233 33.617 34.000 35.150 36.685 38.218 39.368 39.752 
STATIOV 1 RETA 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
STATIDN 2 JET4 2 45.600 43.000 39.600 35.900 34.550 35.600 37.050 40.550 

SETAIPS) 1 45.963 49.139 49.395 50.572 52.248 53.777 54.541 54.970 
BETA 2 
BETAIPR) 1 

BETAIPUI 2 
v 1 
v 2 
VZ 1 
vz 2 
V-THFTA 1 
V-THETA 2 
V I P 9 )  1 
V IPRI  2 
VTHETA PR1 
VTHET4 P R 2  
u 1 
u 2 
M I 

BETAIPR) 2 
v 1 
v 2 
v z  1 
V Z  2 
V-THETA 1 
V-THETA 2 
V IPRI  1 
VIPR) 2 
VTHETA PR1 
VTHETA PRZ 
U 1 
U 2 
W I 
11 2 
HIPR) 1 
WIPR) 2 
TURN(PR1 
UUBAR 
LOSS PARA 
DFAC 
EFFP 
EFF 
I N C I D  
DEVW 

P I 
P 2 
T I  
T 2 1  

MIP*)  2 
TURNIPR) 
UURAR 
L I S S  PAKP 
0FAC 
EFFP 
EFF 
INCIO 
nEvn  
P 1 

SLOlTEI! 
STAT09 4 PCT SPAN 

DIA 
STATIOY 7 8ETP 2 
STATIOV 2A RETA ?A 

v 2 
V 2A 
VZ 2 
VZ 2A 
V-THETA 2 
V-THETA 2A 
n 2 
H 24 
TURY I PR 1 

PCT SPAN 
0 1  A 
BETA 2 
BETA 2A 
v 2 

V-THETA 2 
V-THETA 2A 
W 2 

tl 2A 
TURNIPRI 
UU8AR 
LOSS PARA 
DFAC 
EFFP 
l N C I 0  
OEVW 

p 21 
P 2 8  
'1 2 
T Zd 

UUBAR 0,2164 0.2093 0.1856 0.1591 0.0753 0.1399 0.1498 0,1772 
LOSS PARA 0.0890 0.0868 0.0778 0.0689 0.0339 0.0654 0.0719 0.0858 
OFAC 0.5130 0.5003 0.4596 0.4028 0.3267 0.3605 0,3605 0.3669 
EFFP 0.5026 0,4926 0.52RO 0.4420 0.5631 0.3324 0.4182 0.5351 
INClO -8.210 -8.R70 -10.631 -11.296 -11.764 -13.169 -15,371 - 1 3 -  392 



Table B-4, B%ade Element Bcrformanee, Unslot"ced Rotor 4, 
Siotked Stator 4 With 'Vortex Generators Abed of 
Rotor a-nd %Ween Rotor m-d Stator (Continued) 

PERCENT BaUIVaENT DESIGN SE'D " 99,70 E Q U I V m  9- 4105 .33  COPRECTEO W E I G H ?  FL3U = 109,32 PRESS 

IElLFT 
PCT SPAN 
OIA 

STAT183N 0 BETA 0 
ST4T11N I BETA 1 

v 0 
v 1 
vz  0 
VZ 1 
V-THETA 0 
V-THETA 1 
M 0 
M 1 
TURN 
UURAR 
OFAC 
EFFP 
l N C l 0  
OEVM 
P 0 
P 1 
T n 
T 1 

R( T i-' 4 PCT SPAN 
OIA 

ST4T I ' I  1 dETA 1 
S T I T 1  I \  7 BFTA 7 

OETAIPRI 1 
RETAIPRI 2 
v 1 
v 2 
vz 1 
VZ 2 
V-THETA 1 
V-T*E TA ? 
V I P R I  1 
V I P R I  7 
VTHETB ""I 
VTHET4 P ' I?  
U 1 
IJ ? 
1" 1 

P I P R I  2 
TUX.%( PR ) 
UUBAR 
L O S S  PARA 
IOFAC 
EFFP 
EFF 
I N C l O  
OEVM 
P 1 

- - - . - -. 
S16T1\  4 PC1  SPAN 94.96 97.34 34.n7 1~9.68 4 > . 5 ' l  27.41 14.64 7.56 

UIA 3 . 1 ;  33.54J 33.95C 35.015 36.451 37.145 33.145 19.300 
STZT I"\ 7 BETA 2 
51 hT 1 114 2h HETA 2A 

v 2 
V 24 
v z  2 
VZ 2A 
V-THE Tlr 2 
V-THETA 2d  
' 4 2  
M 2A 
TURN1 PR 
UUBiR 
LOSS PARA 
OFAC 
EFFP 
INC lO 
OEVM 

URE RAVlO - 1 0 2 4 9 0  

3.34 K T  SPAN 
40.950 OIA 

0.000 BETA 0 
0.000 BET4 1 

427.51 V O  
470.74 V 1 
427.51 VZ 0 
470.72 VZ 1 

0.00 V-THETA 3 
0.00 V-THETA 1 

0.3887 W 0 
0.4294 W 1 

0.0 TURN 
0.0 UUBAR 
-0.101 OFAC 
0.9999 EFFP 
0.0001 l N c I D  
-0.000 DEVU 
14.694 P 0 
lC.694 P 1  

5.02 PC1 SPAN 
40.135 D I A  

0.000 BETA 1 
52.400 BETA 2 
57.886 8ETAtPRI 1 
43.709 BETAIPRI 2 
470.74 V 1 
558.17 V 2 
470.72 VZ 1 

442.10 V-THETA 2 
885.5 VlPR1 1 
449.3 V IPRI  2 

-750.0 VTHFTA P K I  
-292.9 VTHFTA PR2 
749.97 U 1 
7 3 5 . 0 4  IJ 2 
0.4294 8 1 
0.4894 U 2 
0.8076 H l P t 7 l 1  
0.3939 Y lPRt  2 
17.1 97  TURNIPR) 
0.3357 UUBAR 
0.1210 LOSS PARA 
0.7275 OFAC 
0.7057 EFFP 
0.6963 EFF 

-15.966 I N C l O  
22.037 OEVM 
14.694 P 1 

4.76 PCT SPAN 
39.650 0 1 4  
52.403 BET4 2 

9.000 BETA 2A 
558.17 V 2 
451.17 V 2A 
340.47 VZ 2 
476.48 VZ 2A 
442.10 V-THETA ? 

66.97 V-THETA 2A 
9.48'94 '4 2 
0.4193 W 2 4  
44.379 TURNIPRJ 
0.2168 UUBAR 
0.1056 LOSS PARA 
0.4114 OFAC 
0.7167 EFFP 
-3.421' I N C l O  
23.950 OEVW 
18.825 P 2 ,  



- 4  Blade Elernei~l, Perform;xnee, Wnsfotted Rotor 4 ,  
Slotted Stator 4 WrCh Vortex Generators Ahead of 
Rotor a ~ d  Between Rotor and Stator (Continued) 

9 - 5 6  W U I V m T  FQ3TOR S m  4 1 9 1 . 6 4  CORRECTED WEIGH? FLOW = 104 ,80  PRESSURE R A T I O  = PERCENT E Q U I V W T  DESIGN SEED 9 

I N L E T  
PCY SPAN 
O I A  

S T A T I O N  0 RETA 0 
S T A T 1 3 Y  I B E T A  1 

v 0 
v 1 
V Z  0 
V Z  1 
V-THE14 0 
V-THETA 1 
n 0 
H 1 
TURN 
UUBAR 
OFAC 
E F F P  
I Y C I O  
OEVY 
P 0 
P I 
T 0 
T 1 

ROTOR 4 P C T  SPAN 
O I A  

S T A T 1 3 Y  1 BETA I 
S T A T I O N  2 RFTA 2 

B E T A I P R )  1 
S E T A I P K I  2 
v 1 
v 2 
VZ 1 
VZ 2 
V - T H F T I  1 
V-THETA 2 
V I P R )  1 
V I P R )  2 
VTHETA P R 1  
VTHETA P 9 2  
U 1 
u 2 
M 1 
)r 2 
P I  P A 1  1 
Y I P P I  2 
TURN I PR 1 
UURAR 
L Q S S  PARA 
DFAC 
E F F P  
EFF 
I N C  1 0  
OFVM 
P 1 
P 2 
T 1 
r 2  

P C 1  S P A N  
D I A  
BETA 0 
B E T A  1 
v 0 
v 1 
V Z  0 
V L  1 
V-THETA 0 
V-THETA 1 
n 0 
M 1 
TURN 
UUBAR 
OFAC 
E F F P  
I N C I D  
OEVM 

P 0 
P 1 
T 0 
T 1 

P C 1  S P A N  
D I A  
B E T A  1 
BET4 2 
B E T A I P R I  1 
B E T A ( P R 1  2 
v 1 
v 2 
VZ 1 
V Z  2 
V-THETA 1 
V-THETA 2 
V I P R I  1 
V I P R I  2 
VTHETA P R I  
VTHETA P R 2  
U 1 
U 2 
n 1 
n 2 
M I P R I  1 
M I P R )  2 
TURNCPR) 
UUBAR 
LOSS PARA 
OFAC 
E F F P  
E F F  
l N C l 0  
OEVU 

P 1 
P 2 
T 1 
T 21 

SMlTED 
S T A T 0 9  4 P C T  SPAN 

0 1 A  
S T A T I O V 2  R F T A 2  
S T A T I O Q  2A BETA 2 A  

v 2 
V 2A 
VZ 2 
V L  2 A  
V-THETA 2 
V-THETA 2 b  
n 2 
M 2A 
TURNf  P R k  
UUBAR 
L O S S  PARA 
DFAC 
EFFP 
I N C I D  
DFV14 

21 
P 2A 
T 2 
1 2b  

P C 1  SPAN 
O I A  
B E T A  2 
RETA 2 A  
v 2 
V 2 A  
VZ 2 
V Z  2 A  
V-THETA 2 
V-THETA 2 A  
M 2 

n 2 A  
Y U R N l P R )  
UURbR 
LOSS P A R A  
OFAC 
E F F P  
I N C I D  
DEVM 

P 2 1  
P 2 4  
f 2  
T ea 



7'shle B-4, Blade Element Performance, TJnslotted Rotor 4 ,  
Slotted Stator 4 With Vortex Generators ilhead oof 
Rotor a d  Between Rotor md Stator (Contenued) 

PEXCQdT E9W-T RESIOW S P m  aa 99.32 a m v m  ROTOR SP"GIID a 4181.20 CORRECPFO WElGHT FLOW = 98.46 PRESSURE RATlO 

INLET 
PC1 SPAN 
0 1 4  

STATlDN 0 BETA 0 
STATI3Y 1 BETA 1 

v 0 
v 1 
VZ 0 
VZ 1 
V-THETA 0 
V-THETA 1 
W 0 
M 1 
TURN 
UU8AR 

PC1 SPAN 
OIA  
BETA 0 
BETA 1 
v 0 
v 1 
VZ 0 
VZ 1 
V-THETA 0 
V-THETA 1 
n o 
n 1 
TURN 
UUBAR 
DFAC 
EFFP 
l K l D  

OFAC 
EFFP 
INCIO 
OEVN 
P 0 
P 1 
T O  
T 1 

ROTOR 4 PC1 SPAN 
OlA 

STATIOV 1 BETA 1 
STATION 2 BETA 2 

8ETAIPRI 1 
BETAIPRI 2 
v 1 
v 2 
vz 1 

PC1 SPAN 
D I A  
BETA 1 
BETA 2 
BET&IPRI  1 
BETAIPRI 2 

VZ 2 371.39 360.13 374.12 446.44 477.40 451.39 409.11 395.76 343.80 
V-THETA 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
V -THETA2 533.36 512.03 507.44 450.35 434.71 426.86 440.87 442.64 449.67 
V IPQI  1 741.5 750.7 757.0 777.3 805.5 827.1 846.0 848.3 853.5 
V I P R I  2 378.5 374.1 390.8 485.6 532.1 526.5 494.5 486.5 445.2 
VTHFTAPR1 -604.1 -612.8 -619.6 -643.6 -675.9 -707.5 -731.2 -738.9 -747.1 
VTHETAPRZ -72.9 -101.3 -112.9 -190.9 -234.6 -270.4 -277.4 -282.6 -282.5 

VZ 2 
V-THETA 1 
V-THETA 2 
VIPR) 1 
V I P R I  2 
VTHETA PR1 
VTHETA PRZ 
U I 
V 2 

u 1 
U 2 
!4 1 
t i  2 
HIPR I 1 
MIPHI  2 
TUQNIPRI 
UU8AR 
LOSS PARA 
OFAC 
EFFP 
EFF 
IYCIO 
nEVW 
P 1 
P 2 
T 1 
T 2 

WtPRI 2 
TURNIPRI 
UUBAR 
LOSS PARA 
OFAC 
EFFP 
EFF 
I K I D  
DEVM 

P 1 
P 2 
T 1 
T 2 1  

SLO'ITED 
STATOR 4 PC1 SPAN PCT SPAN 

OIA 
BETA 2 
BETA 2A 

VZ 2 
VZ 2A 
V-THETA 2 
V-THETA 2A 

VZ 2A 
V-THETA 2 
V-THETA 2 8  
n 2 

2A 
TURN( PR I 
UU8AR 

n 2 
)r 26 
TURN l PR I 
UUSAQ 
LOSS PARA 
DFAC 

L O S S  PARA 
OFAC 
EFFP 
I Y C t D  
OEVM 

P 2 1  
P 2 1  
T Z 
7 2t3 

EFFP 0.6960 0.7835 0.7184 0.7135 0.7750 0,7697 0.5969 0.5636 0.5991 
1 ' ic ln  1,340 3.010 3.369 -1.936 - 3 - 9 9 5  -5,370 -5.282 -5.742 -3 .221  
DEVY L 8 - 7 9 9  18,380 18.214 17.960 18 -545  19.000 21.620 22.310 22.350 

P 21 19.150 19.210 19.000 19.195 19.500 19.560 19.450 19.350 19.150 
P 2h 18.570 18 ,584  I 8 , 4 ? t  18,771 19,342 19,363 18,923 18.753 18,536 
T 2 569,400 567.200 566,420 564.369 566,630 568,120 572,000 572,500 574,300 
T Zb 569.400 567. 2 0 0  568.220 564,360 566.630 568.150 572,000 572.500 574. 300  



Tab Ie 13-4, Blade Element Perforn~zunce, Uvlslotted Rotor 4, 
Sleeted Stator 4 With Vortex Generabrs Ahead of 
Rotor and Between Rotor and Stator (Contii~ued) 

9 - 8 8  I I~BUIV-T R O ~ R  SP66D - 4 2 0 5 . 0 1  CORRECTED WEIGHT FLObd = 97-25 PRESSURE R B T l O  =1 ,2728 

I N L F T  
P C 1  SPAN 
01 A 
BETA 0 
BETA 1 
v 0 
v 1 
vz 0 
VZ 1 
V-THETA 0 
V-THETA 1 
n o 
n 1 
TURN 
UUBAR 
DFAC 
E F F P  
I K I O  
D E V n  

P 0 
P 1 
T 0 
T 1 

PCT SPAN 
D I A  

S T A T I O N  0 BETA 0 
S T A T I O N  1 BETA 1 

v 0 
v 1 
VZ 0 
vz 1 
V-THETA 0 
V-THETA 1 
M 0 
H 1 
TURN 
UUBAR 
OFAC 
F F F P  
l N C l 0  
OEVM 
P 0 
P I 
T 0 
T 1 

SLOTTED 
ROTOR 4 P C T  SPAY 

D I A  
S T A T I O N  1 BETA 1 

P C 1  SPAN 
D I A  
BETA 1 
B E T A  2 
B E T A I P R I  1 
B E T A I P R )  2 
v 1 
v 2 
VZ 1 
V Z  2 
V-THETA 1 
V-THETA 2 
V I P R I  1 
V I P R I  2 
VTHETA P R 1  
VTHETA PR2 
U 1 
U 2 

VZ 1 
vz 2 
V-THETA 1 
V-THETA 2 
V I P R I  1 
V I P R I  2 
VTHETA P R l  
VTHETA PRZ 
u I 
u 2 
H 1 
W 2 
H I P R I  1 
M I P R I  2 
T U R N I P R I  
UUBAR 
LOSS PARA 
OFAC 
EFFP 
E F F  
I N C I D  
9EVM 
P 1 
P 2 
T 1 
1 2  

11 1 
n 2 
H I P R )  I 
I I I P R I  2 
T U R N I P R I  
UUBAR 
LOSS PARA 
OFAC 
E F F P  
E F F  
I K I D  
OEVM 

P 1 
P 2 
T 1 
T 2 1  

SIDTPED 
STATOR 4 PCT SPAN 

O l A  
S T A T I O N  2 BETA 2 

PCT S P I N  
O l A  
BETA 2 
B E T A  Z A  
V 2 
V 2 A  
VZ 2 
V.? 2 A  
V-THETA 2 

STAT IOY 2 A  RETA 2A 
v 2 
V 2A 
v z  2 
V Z  2A 
V-THETA 2 
V-THETA 2A 
w 2 
M 2A 
TURNIPR)  
UURAR 
LOSS PARA 
OFAC 
EFFP 
I N C I O  
OEVW 
p 2 1  
P 2A 
r 2 
T P A  

V-THETA 2 A  
n 2 

H 2 A  
TURN( P R I  
UUBAR 
LOSS PARA 
OFAC 
E F F P  
1 N C l D  
OEVN 



Table B-4, Blade Element Performance, Unslotted Rotor 4, 
Slotted Stator 4 With Vortex Generators Ahead of 
Rotor and Between Rotor and Stator (Continued) 

EQCWT BQUIVBLWT DliSICEI S m  - 99.19 1 WUIVliEENT ItiTPOR SFZED s 6175.80 CORRECTEO WEIGHT FLOW = 9 4 - 8 2  PlESSURE R I i T I 0  m1.2814 

1 NL ET 
PCT SPAN P C 1  SPAN 

D I A  
BETA 0 
BETA 1 

D I A  
STAT13N 0 BETA 0 
S T A T I O N  1 BETA 1 

v 0 
v 1 
vz 0 
VZ 1 
V-THETA 0 
V-THETA 1 

v 0 
v 1 
VZ 0 
V L  1 
V-THETA 0 
V-THETA 1 
n 0 
n 1 
TURN 
UUBAR 
DFAC 
EFFP 
l K l D  
D E W  

P 0 
P 1 
T 0 
T 1 

n 0 
n 1 
TURN 
UUBAR 
DFAC 
EFFP 
l N C l D  
DEVM 
P 0 

ROTOR 4 PCT SPAN 
D I A  

S T A T I O N  1 BFTA 1 

PCT SPAN 
D I A  
BETA 1 

STATION 2 BETA 2 
R E T A I P R I  1 
R F T A I P R I  2 
v 1 

BETA 2 
B E T A I P R I  I 
B E T A t P R I  2 
v 1 
v 2 
VZ 1 
V Z  Z 
V-THETA 1 
V-THETA 2 

v 2 
vz 1 
V L  2 
V-THETA 1 
V-THETh 2 
V(PR1 1 
V I P R I  2 
VTHETA P R 1  
VTHETA PR2 
U 1 
U 2 
H 1 

2 
H(PR I 1 
H I P R I  2 
TURN(PR1 
UU4AR 
LOSS PAPA 
OFAC 
EFFP 
EFF 
I N C I D  
DEVH 
P 1 
P 2 
T 1 
T 2 

V I P R )  1 
V I P R I  Z 
VTHETA P R l  
VTHETA PRZ 
u 1 
U 2 
M 1 
n 2 
M l P R I  A 
n t P R 1  2 
T U R N I P R I  
UUB AR 
LOSS PARA 
DFAC 
EFFP 
EFF 
I W I D  
DEVM 

P 1 
P 2 
T 1 
T 2 1  

SII)TTED 
SlAT!IS 4 PCT SPAW 

D I A  
STATIOV 2 RFTA 2 
STATION 2A BETA 2A 

v 2 

P C 1  SPAN 
0 1  A 
BETA 2 
BETA 2 A  
v 2 
V 2A 
VZ 2 
VZ 2 A  
V-THETA 2 
V-THETA 2 A  
n 2 

n 2A 
TURNGPRI 
UURAR 

V ZA 
vz 2 
VZ 2A 
V-THETA 2 
V-THETA 2A 
M 2 
n 2A 
TURN(PR1 
UUBAR 
LOSS P I R A  
W A C  
EFFP 
INCID 
DEVM 
P 2 1  
P Z A  
I 2  
'I Z b  

LOSS PARA 
OFAC 
EFFP 
l K f 0  
OEVM 

p 2 1  
P ZCi 
I 2  
T 2* 



Table B-4, Blade Elemelzt Performance, Unslotkd Rotor 4, 
Slotted Rator 4 With Vortex Generators Ahead of 
Rotor and Between Rotor and SXator (Concluded) 

PERCPtiT E Q U I V m  BESION SFBE - 9 9 , 7 4  I m m V U T  ROTOR SPGB1 - 4 1 9 8 - 9 4  CORRECTEO L"EIGUT F L O U  = 91.04 P R E S S  PURE R A T I O  

I N L F T  
P C 1  SPAN 
0 1 A  

S T A T I J N  0 BETA 0 
S T A T I O N  1 BETA 1 

v 0 
v 1 
VZ 0 
VZ 1 
V-THETA 0 
V-THE14 1 
u 0 
8 1 
TURN 
UUBAR 
OFAC 
E F F P  
I N C I O  

P C 1  S P A N  
0 t h  
B E T A  0 
B E T A  1 
v 0 
v 1 
V Z  0 
V Z  1 
V-THETA 0 
V-THETA 1 
M 0 
W 1 
T U R N  
UUBAR 
OFAC 
E F F P  
ImIo 

OEVM 
P 0 
P 1 
T 0 
T 1 

ROTOq 4 P C 1  SPAN 
0 1 4  

S T A T I O Y  1 BETA 1 
S T A T I O N  2 RETA 2 

R E T A I P R I  1 
R E T A l P 4 l  2 
v 1 
v 2 
VZ 1 
VZ 2 
V-THETA 1 
V-THETA 2 
V I P R I  1 
V I P R I  2 
VTHETA P R I  
VTHETA P 9 2  
U 1 
Ll 2 
Y 1  
M 2 
M I P R I  1 
Y I P R I  2 
T U R N ( P R 1  
UUBAR 

P C 1  S P A N  
D I  A 
B E T A  1 
B E T A  2 

v z  2 
V-THETA 1 
V-THETA 2 
V ( P R I  1 
V ( P R I  2 
V T H E T A  P R 1  
V T H E T A  P R 2  

w 1 
W 2 
U ( P R 1  1 
U I P R I  2 
T U R N I P R I  
UUBAR 
L O S S  PARA 
D F A C  
E F F P  
E F F  

L O S S  PARA 
OFAC 
E F F P  
E F F  
INC I 0  I N C I D  

O E V U  OEVY 
P 1 
P 2 

STATOR 4 P C 1  SPAY 
0 I A  

S T A T I O N  2 8 E T 4  2 

P C 1  S P A N  
O I A  
B E T A  2 
B E T A  2 A  
v 2 

V-THETA 2 
V-THETA 2A 
n 2 
U 2A 
T U R Y ( P R I  
UURAR 
L O S S  P A R A  
OF AC 
E F F P  

V-THETA 2 
V-THETA 2 A  
n 2 

M 2 A  
T U R M ( P R I  
UUR4R 
L O S S  P A R A  
OF AC 
E F F P  
I N C I O  I N C I O  - 2 . 0 0 0  - 1 . 2 1 0  - 1 . i I 1  -3 ,766  -4.915 -1 ,070  9.982 11,453 

OEVR 14 ,900  1 6 , 3 0 0  18 ,b50  19,360 ? 6 - 9 0 0  LR.ZO0 18,800 LR.610 
P 2 .  19.350 19.qZ% 19.225 19,375 19.k75 19,325 18,825 18,575 

OEVH 
p 2, 
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